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f .  SUMMARY / RECOMMENDATION 


A.  PROPELLANT-LINER-INSULATION 

Results  of  the  surface  hardening  investigation  conducted  in  1984 
on  weathersealed  motors  indicate  that  propellant  surface  hardening  should  be 
considered  the  primary  age-limiting  factor  for  weathersealed  Stage  II  motors. 
The  presence  of  the  weatherseal  does  not  increase  the  rate  of  bore  surface 
hardening  in  the  humidity  range  from  10  to  50%  Rll  but  does  decrease  the  rate 
of  hydrolytic  degradation  of  the  liner. 

Significant  differences  between  Phillips  and  GTR  CTPB  propellants 
continue  to  be  evident  in  aging  trends  for  propellant  within  1  in.  of  the  bore 
surface  and  bondline  interface  of  the  motor.  Propellant  formulated  with  Phil¬ 
lips  CTPB  exhibits  higher  strength  and  modulus  and  lower  strain  capability  and 
indicates  a  trend  toward  continued  hardening  with  age.  Strength  and  strain 
capability  of  GTR  CTPB  propellants  but  it  tend  to  decrease  with  age  while  modu¬ 
lus  shows  little  change  with  storage  time.  Hardening  in  Phillips  CTPB  is  due 
to  iron  contamination  during  manufacture:  iron  catalyzes  oxidative  cross- 
linking  where  oxygen  is  available  (near  bore  and  booted  bond  interface).  All 
motors  now  being  remanufactured  are  cast  with  propellant  formulated  with 
Phillips  CTPB. 


Data  for  excised  samples  removed  from  the  aft  end  of  three  field- 
returned  motors  and  two  plug  motors  tested  during  the  current  report  period 
generally  support  previously  established  trend  lines  in  indicating  (1)  a  dif¬ 
ference  in  propellant  aging  trends  for  Phillips  CTPB  and  CRT  CTPB  propellants 
(Page  14);  (2)  wide  variability  in  properties  of  insulation  with  a  trend 
toward  hardening  with  age  (Page  18);  and  (3)  reduced  bond  strength  resulting 
from  degraded  liner  (Page  15). 

Testing  cf  samples  excised  from  two  early  age-out  motors,  AA21C51 
and  AA21434,  indicates  extreme  liner  degradation  in  the  aft  end  Cor  both 
motors.  (Propellant  properties  are  within  the  range  of  values  experienced  in 
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comparably  aged  motors,  Page  14.)  Motor  AA21051  is  the  second  motor  tested  at 
AS I’C  from  Liner  l.ot  Lf.  This  liner  lot  has  an  abnormally  pink  color,  attri¬ 
buted  to  change  in  antioxidant  color  which  occurs  during  aging  in  the  mix 
drum.  The  material  met  acceptance  specifications.  Seven  of  8  motors  from  Lot 
Lf  were  recently  rejected  following  inspection  at  00-ALC. 

Analog  samples  have  been  tested  for  unaged  propellant  from  16  lot 
combinations.  Lot  Combinations  86A,  87B,  and  88D  are  initially  harder  than 
Che  population  average.  With  aging,  Lot  Combination  87B  continues  to  be  one 
of  the  hardest  lots  tested.  Lot  Combination  86A  approaches  average  values 
with  accelerated  aging  (Page  28). 


Examination  under  ultraviolet  light  of  aged  propellant  near  the 
simulated  bore  and  bondline  in  analog  cartons  confirms  oxygen  migration  in 
those  areas-  For  an  analog  aged  1?  mo  at  80°Fi  oxygen  was  present  to  ~3/4 
in.  from  the  bond  tine  interface  and  ~i  in.  from  the  bore.  Oxygen  is  not 
present  at  the  bondline  in  case-bonded  samples  (motor  plugs,  remnants). 
Hardening  due  to  oxidative  crosslinking  should,  therefore,  be  greatest  in  the 
hooted  areas  of  the  motor.  Aging  trends  from  the  bondline  surfaces  of  analog 
cartons  and  booted  regions  of  the  motor  are  similar  (Page  32). 

Plugs  have  been  removed  from  the  forward  and  mid-barrel  regions  of 
Motor  1984A  (M3EX-2)  following  24  mo  storage.  The  apparent  softening  at  the 
bondltne  in  the  forward  chamber  at  IS  mo  is  not  supported  by  mechanical  or 
chemical  data  at  24  months.  Data  indicate  aging  behavior  follows  expected 
trend  lines  for  Phillips  CTPB  propellant  (Page  43). 

Plug  samples  have  been  removed  from  the  forward,  mid-barrel,  and 
aft  regions  of  Plug  Motor  iy76A  (AA21480)  following  110  mo  aging.  Meclianfc.il 
properties  data  indicate  significant  difference  in  both  propel Lant  and  bond 
properties  among  sample  locations  (Page  32).  Propellant  is  harder  and  bond 
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1  .A.  Propel lant-Liner-lnsulation  (Cont) 

strength  is  greater  for  material  from  the  mid-barrel.  Differences  are  not 
apparent  in  results  of  chemical  testing. 

NOT  On-Surtaco  testing  of  Plug  Motor  1984a  revealed  that  che 
initial  modulus  at  age  24  mo  was  6.2  to  22.6%  greater  than  when  this  motor  was 
rested  at  2  mo  of  age.  The  greatest  increase  was  in  the  aft  cylinder  area. 

Although  Lot  Combination  Motor  R7-038  was  identified  as  having  a 
low  modulus,  On-Surface  MOT  test  results  show  E0  values  well  within  the  3o 
limits  of  our  database  for  one  month  old  remanufactured  motors. 

NUT  Surface  test  data  were  submitted  for  three  motors  by  Mill  APB 
personnel.  Modulus  values  for  these  motors  fall  within  the  expected  limits 
when  plotted  against  aged  Phillips  CTPB  motors.  Some  test  locations  were  not 
included  in  the  data  provided  by  Hill  AFB.  Test  locations  should  be  those 
identified  in  Tester  Propellant  On-Surface  Manual,  Paragraph  2  to  14  and 
Appendix  1),  Paragraph  2.0. 

Eight  motors  were  tested  as  part  of  the  on-going  Ignition  Delay 
Motor  program.  The  IDM  excise  surface  on  recent  regrain  motors  has  been 
atvpicaily  rough  causing  the  IDM  samples  to  be  of  less  than  desired  quality. 
ASI’C  Manufacturing  corrected  the  problem  when  processing  Motor  R8-0U6.  Good 
quality  samples  were  removed  from  that  motor. 

ignition  delay  testing  of  the  MSEX-2  Plugged  Motor  indicates  a 
lower  than  normal  pressurization  slope  for  both  the  motor  and  analog  sample. 

Conditioning  of  IDM  grains  at  80%  RH  prior  to  firing  has  been 
discontinued.  Conditioning  appears  to  increase  variability  in  the  data  and 
docs  not  represent  the  PQA  firing  environment. 


Page  3 


I 


W<  ^  .  wl*  \ 


j  .. 


»*  *  V-.  .  » 


»  »  h  j  b  ^  wy  ib  v  m  \,  *  .  *r*  nv  Ki.  k  \.  *ru  x\.  R  v  ir„  •'w  *y 


Report  0 l 62-06-SAAS-36 

I.  Summary /Recommendnt i on  (Cont) 

B.  COMPONENTS 


1 .  Igniter  Firings 

Twenty-five  igniters  were  fired  for  VECP  B-177,  and  six 
igniters  were  fired  for  Aging  and  Surveillance.  Testing  shows  little,  if  any, 
change  of  ballistic  parameters  due  to  age,  and  no  trend  which  would  limit 
service  life  to  less  than  34  years. 

2.  TVC  and  RC  Gas  Generators 


Gas  generator  firing  results  will  he  reported  in  SAAS-37. 

3 .  L1TVC  Permeation 

TVC  tanks  T-159  and  T-210,  equipped  with  Uniroyal  bladders, 
continue  to  have  permeation  rates  low  enough  to  ensure  adequate  Freon  for 
expulsion  after  17  years  of  motor  storage. 

4 .  LITVC  Tank  and  Components 


Cold  gas  expulsion  testing  done  in  FY  19d6  supports  the 
conclusion  that  no  burst  disk  aging  trend  exists  which  would  limit  TVC  burst 
disk  service  life  to  less  than  17  years. 

LITVC  bladder  material  from  Uniroyal  tested  after  up  to  two 
years  Freon  exposure  shows  no  adverse  aging  trends.  This  newly  requalified 
source  compares  well  with  materials  from  the  same  vendor  stored  and  tested  for 
the  original  Material  Compatibility  Program. 
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1 l .  INTRODUCTION 


This  semiannual  report  provides  results  of  tests  conducted-^between 
1  September  1985  and  15  March  1986<rTn"  support  of  the^Aging  and  XKlrveil lance 


program  for  the  Minuteman  II  and  III  Stage  II  motors,  ^s  described  in  Reference 
!•*  ‘The  primary  objectives  of  the  program  are  to  provide  assurance  that  (1) 


the  reliability  of  the  presently  deployed  motor  will  not  degrade  within  a 
projected  replacement  time  of  17  years?  and  (2)  the  service  life  of  the 
remanufactured  motor  will  be  equal  to  or  greater  than  that  of  the  presently 
deployed  motor  population,  -■> 


To  simplify  both  analysis  and  presentation  of  ever-increasing  aging 
data,  information  from  similar  materials  has  been  combined;  remnants,  excised 
samples,  and  bulk  samples  from  aged  motors  are  treated  as  a  population  of 
materials  from  motors.  Because  a  motor/carton  bias  has  been  identified,  data 
from  laboratory  samples  will  be  analyzed  independently. 


Detailed  tabulations  for  samples  tested  during  the  report  period  are 
presented  in  Appendices  A  through  D. 


This  volume  also  summarizes  results  of  work  conducted  on  two  of  three 
plug  motors^fhlch  have  been  included  in  the  Aging  and  Surveillance  program. 

)  Testing  Incorporates  several  sample  types  from  each  motor  (bulk,  excise,  and 
through-the-case  plugs)  to  evaluate  differences  in  properties  with  respect  to 
location  or  sample  type.'  In  addition,  analog  samples  have  been  prepared  from 
material  cast  into  a  late-production  motor  to  assess  motor/carton  bias.  Par¬ 
ticular  attention  is  devoted  to  plug  motors  in  Section  VI. C.  Where  appli¬ 
cable,  test  results  have  been  Incorporated  into  the  Aging  and  Surveillance" 


database  for  evaluation  with  comparable  data. 
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11#  Introduction  (Cont) 

A  summary  of  progress  to  date  on  the  Early  Age-Out  Program  is  also 
included  in  Section  VI. C.  An  investigation  is  underway  to  identify  material 
characteristics  or  processing  variables  which  may  be  responsible  for  the 
prematurely  aged  condition  noted  in  several  10-  to  14-year-old  motors. 


III.  BACKGROUND 


A  failure  mode  involving  degradation  of  SD-851-2  liner  was  demonstrated 
during  the  Mlnuteman  Long  Range  Service  Life  Analysis  (LRSLA)  program.  On  the 
basis  of  studies  indicating  this  degree  of  degradation  could  be  expected  in 
motors  ranging  in  age  from  14  to  17  years,  a  remanufacture  program  was  initi¬ 
ated  in  1978. 

Special  studies  have  been  conducted  since  that  time  to  investigate  two 
additional  possible  failure  modes  of  the  propellant-liner-insulation  system: 
Ignition  delay  and  grain  cracking  due  to  surface  hardening  of  the  propellant 
(References  2  and  3).  Although  neither  study  indicated  that  the  present  motor 
replacement  schedule  (based  on  degradation  of  SD-851-2  liner)  needed  to  be 
accelerated  at  that  time,  data  are  being  obtained  on  a  routine  basis  to 
monitor  both  surface  hardening  and  ignition  delay  as  possible  age-limiting 
modes  of  failure.  Results  of  studies  recently  conducted  to  assess  effects  of 
low-equilibrium  moisture  on  a  remanuf actured  weathersealed  motor  are 
consistent  with  nominal  service  life  of  17  years  (Reference  4). 

The  current  test  plan,  Reference  1,  emphasizes  testing  of  materials 
representing  remanufactured  motors.  Limited  material  testing  from  original- 
manufacture  motors  will  be  continued  to  provide  visibility  regarding  long-term 
aging  stability  and  a  base  against  which  performance  of  the  remanufactured 
motor  can  he  measured. 

An  extensive  program  to  evaluate  the  aging  stability  of  motor  compon¬ 
ents  other  than  the  propellant-liner-insulation  system  was  conducted  prior  to 
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III.  Background  (Cent) 

transition  of  the  Aging  and  Surveillance  program  to  00-ALC  in  1972.  This 
program  was  continued  on  a  limited  basis  until  1980,  when  it  was  revised  to 
support  the  Minuteman  Remanufacture  program.  Details  of  current  investiga¬ 
tions  are  described  in  Reference  1. 

IV.  SERVICE  LIFE  ESTIMATE 


Information  developed  during  the  Long  Range  Service  Life  Analysis  pro¬ 
gram  Identified  hydrolytic  liner  degradation  as  the  primary  mechanism  leading 
to  failure  for  the  motor.  Kinetic  projections  for  service  life  ranged  from  14 
to  17  years  based  on  an  assumed  silo  environment  of  50%  RH  at  70°F.  Silo  con¬ 
ditions  were  known  to  vary,  however,  and  installation  of  weatherseals  in  Min¬ 
uteman  motors  was  recommended  to  eliminate  the  effects  of  extreme  humidity 
conditions  in  the  si  Los:  Weatherseals  have  been  installed  on  Minuteman  motors 
since  June  1980.  While  weatherseals  eliminated  the  extreme  humidity  condi¬ 
tions,  a  concern  was  raised  that  motors  sealed  at  low  humidity  conditions  may 
be  prone  to  excessive  surface  hardening. 

Results  of  the  original  Surface  Hardening  Investigation  reported  in 
1980,  indicated  the  service  life  of  the  unsealed  Minuteman  11  and  III  Stage  II 
motors  will  not  be  limited  by  reduction  in  strain  capability  at  the  inner  bore 
prior  to  the  life  limit  that  is  based  on  degradation  in  strength  of  the  pro¬ 
pellant-liner-insulation  bond.  Service  life  prediction  based  on  grain  crack¬ 
ing  indicated  a  nominal  service  life  of  17  to  2U  years  with  a  lower  3o  limit 
of  13  years  (based  on  a  value  of  9.2%  strain  at  break). 

An  additional  surface  hardening  program  was  initiated  in  1984  to  inves¬ 
tigate  effects  of  low-equilibrium  moisture  on  a  weathersealed  motor  (Reference 
4).  Results  Indicated  that  weathersealing  Minuteman  motors  will  not  increase 
the  rate  of  bore  surface  hardening  in  the  humidity  range  from  10  to  50%  Rll, 
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IV.  Service  Life  Estimate  (Cont) 

but  the  presence  of  the  weatherseal  does  decrease  the  rate  of  hydrolytic  deg¬ 
radation  of  the  liner  (compared  with  the  estimated  50%  RH  environment  at 
comparable  storage  temperatures).  Propellant  surface  hardening  should  now  oe 
considered  the  primary  age-limiting  factor  for  weathersealed  Stage  II  motors. 

V.  SCOPE/ STATUS 


This  report  contains  information  regarding  the  following  program 
elements  for  the  propeLlant-liner-insulation  system: 


.  Propellant  removed  from  motors  prior  to  remanufacture  (aft  end), 
aged  from  2.5  to  222  mo 

.  Through-the-case  samples  (plugs)  from  (a)  a  remanufactured  motor, 
aged  24  mo;  and  (b)  an  original-production  motor,  aged  1)0  mo 

.  NDT  examination  of  propellant  and  propellant-liner-insulation  bond 
(original  and  remanufactured  motors) 

.  Ignition  delay  Investigation  (original  and  remanufactured  motors) 

.  Analog  carton  samples  for  propellant  lot  combinations  used  in  the 
Minuteman  Remanufacture  program. 


Information  is  also  supplied  regarding  the  following  motor  components: 


.  LITVC  system 
.  Internal  insulation 
.  Nozzle 


A  milestone  chart  for  the  various  program  elements  tested  during  the 


current  report  period  is  provided  in  Figure  1 
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J\.  TKCHNJ CAL  DISCUSSION  OF  PROPELLANT-LINER-INSULATION  SYSTEM 


A.  MATERIALS  FROM  MOTORS 

1.  Introduction 


Testing  of  full-scale  motors  is  currently  conducted  using 
material  from  the  following  sources: 

.  Remnants  from  previously  dissected  Stage  II  motors 
(original  production  and  remanufacture) 

.  Samples  excised  from  the  aft  end  of 
.  OP  motors  prior  to  firing 

.  Field  return  motors  prior  to  remanufacture 
,  Plug  motors 

.  Bore  samples  from  the  aft  bore  area  of  selected  motors 

.  Plugs  (through-the-case  samples)  from  original  and 
remanufactured  motors. 

Information  is  also  available  for  materials  excised  from 
remanufactured  (new)  motors,  bulk  samples  from  field-returned  motors  and 
remnants  from  Stage  III  dissected  motors.  Testing  for  these  samples  was 
discontinued  following  baseline  evaluation. 

a.  Remnants 

The  aging  program  for  ANK-3066  propellant,  originally  based 
on  laboratory  samples  stored  at  various  elevated  temperatures,  was  supple¬ 
mented  in  1973  by  inclusion  of  remnants  from  dissected  Minuteman  II  Stage  III 
motors.*  The  motor  remnants  provided  information  (such  as  effects  of  actual 
storage  conditions,  geometric  considerations,  within  and  between  motor  vari¬ 
abilities)  that  was  not  available  from  carton  samples  alone.  In  addition, 
properties  of  materials  from  dissected  motors  differed  significantly  from 


*  Same  propellant-li ner-lnsulation  system  as  Stage  II  motors. 
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VI. A.  Materials  From  Motors  (Cont) 

those  of  laboratory  samples.  Initial  tangent  moduli  of  aged  motor  propellant 
are  higher  by  a  factor  of  two  and  elongation  is  correspondingly  lower  than 
measured  in  laboratory  samples.  The  differences  between  propellant  with 
Phillips  and  GTR  prepolymers  were  first  noted  in  data  from  dissected  motors. 

Limited  testing  of  materials  from  original  manufacture  motors 
(Stage  II  only)  will  be  continued  to  provide  information  regarding  long-term 
aging  stability.  Testing  of  remnants  from  four  dissected  remanufactured 
motors  is  planned. 

b.  Excised  Samples 

A  total  of  24  excised  samples  of  the  propellant-liner- 
insulation  system  have  been  removed  from  the  aft  ends  of  Stage  II  OP  motors. 
The  samples  were  removed  from  motors  at  Hill  Air  Force  Base  prior  to  firing  at 
AEDC.  Data  from  these  samples,  tested  at  Aerojet  to  evaluate  the  mechanical 
and  chemical  properties  of  propellant,  liner,  and  insulation  prior  to  firing 
of  the  motor,  have  been  combined  with  similar  data  from  other  motors  and  motor 
remnants  to  evaluate  aging  trends  In  mechanical  and  chemical  properties. 
Emphasis  has  since  been  placed  on  performance  of  reraanuf actured  motors; 
testing  of  samples  excised  from  remanufactured  OP  motors  will  continue. 

To  gain  more  information  about  motor-to-motor  variability  of 
aged  Minuteman  motors,  a  program  was  initiated  in  1980  to  visually  examine  a 
large  number  of  motors  being  returned  for  remanufacture  and  remove  samples  of 
the  propellant  and  propellant-liner-insulation  system  from  approximately  6  mo 
each  year.  These  samples  currently  include  excised  samples  from  the  aft  end 
of  the  motor  and  a  sample  from  the  forward  end  of  the  motor  to  evaluate 
ignitability.  These  excised  samples,  combined  with  samples  from  earlier  aging 
programs,  contribute  to  a  population  of  113  samples  excised  from  full-scale 
motors  ranging  in  age  from  4  to  18.5  years. 
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c.  Bulk  (Bore)  Samples 

In  addition  to  samples  excised  from  the  aft  end,  bulk  samples 
have  now  been  removed  from  the  aft  portion  of  the  cylindrical  bore  section  of 
25  motors  returned  for  remanufacture.  Testing  of  the  bulk  propellant  has 
contributed  to  a  database  for  pertinent  structural  properties  of  propellant 
from  aged  motors  as  well  as  established  a  correlation  between  properties  of 
the  bulk  sample  and  excised  samples  from  the  aft  end  of  the  motor.  Sufficient 
data  now  exist  to  provide  a  statistically  significant  bulk/excised  correla¬ 
tion;  therefore,  routine  testing  of  bulk  samples  has  been  discontinued.  A 
1/3-size  "bore"  sample  has  been  incorporated  into  the  plug  motor  test  plan  to 
assess  eFfects  of  aging  in  the  critical  bore  location.  Use  of  this  smaller 
sample  will  leave  ample  material  for  future  sampling. 

d.  Plugged  Motors 

The  plugged  motor  concept  has  been  included  In  the  revised 
test  plan  Three  full-scale  motors  of  various  vintages  (manufactured  in  1976, 
1984,  or  1986)  will  be  stored  In  a  carefully  monitored  environment.  Periodic 
sampling  (by  removing  "plugs"  including  case,  insulation,  liner,  and  propel¬ 
lant)  permits  evaluation  of  aging  trends  in  a  realistic  stress/strain  environ¬ 
ment  without  the  complication  of  motor-to-rootor  variability.  In  addition, 
testing  of  laboratory  samples  manufactured  and  stored  with  the  motor  provides 
information  regarding  motor/carton  bias  in  properties.  This  information  will 
greatly  enhance  the  value  of  the  economical  carton  sample  in  assessing  aging 
behavior  of  the  propellant-liner-insulation  system. 

e.  Dissection  Motors 


from  4 


to 


Four  remariuf actured  (weathersealed ) 
9  years,  will  be  dissected  over  an  11-year 


motors,  ranging  in  age 
period  to  assess  effects 
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of  aging  on  production  materials  stored  under  actual  environmental  and  struc¬ 
tural  loading  conditions.  Critical  areas  for  evaluation  include  the  forward 
bore  and  Y-joint  areas,  aft  Y-joint  area,  and  forward  and  aft  boots.  Remnants 
will  be  tested  to  evaluate  effect  of  aging  as  well  as  provide  comparison  among 
motors  of  various  years  of  manufacture.  Motor  AA22050,  cast  in  1980,  was 
dissected  in  1985;  a  1984-vintage  motor  is  scheduled  for  dissection  in  iy88. 

2 .  Scope/Status 

The  Aging  and  Surveillance  program  currently  includes  rem¬ 
nants  from  five  Stage  II  motors.*  Remnants  are  tested  at  regularly  sche¬ 
duled  intervals;  no  remnants  were  tested  thin  report  period.  Remnants  from 
Motors  QT-11  and  AA20587  are  scheduled  for  testing  during  the  next  report 
period. 


This  report  includes  test  results  for  samples  excised  from 
the  following  aged  motors  prior  to  remanufacture: 


Age  at 


Motor 

Lot  Combo/CTPB 

Test,  mo 

Cast  Date 

AA20887 

45/Phillips 

170 

July  1971 

AA21051 

52/GTR 

161 

October  1972 

AA21434 

64/Phillips 

122 

September  1975 

Motors  AA21051  and  AA21434  were  returned  for  reraanufacture 
ahead  of  schedule  due  to  excessive  boot  gap  and  liner  degradation.  To  date, 
11  motors  have  been  identified  with  a  prematurely  aged  condition.  Suspect 
motors  have  been  flagged  for  sampling  to  evaluate  condition  of  the  motors  as 


*0ne  remanufactured  motor:  AA22050,  cast  7/80. 

Four  original-production  motors:  QT-11,  AA20013,  AA20587  ,  AA2.0846;  cast 
between  1964  and  1971, 
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part  of  an  investigation  to  identify  materials  or  processing  variables  which 
may  contribute  to  early  age-out.* 

This  report  also  includes  a  summary  of  data  for  samples 
removed  from  plug  Motor  MSEX-2  at  24  mo  and  Motor  AA21480  at  110  mo  (initial 
sampling).  Results  of  testing  conducted  on  plugs,  excise,  bore  samples,  and 
analog  cartons  are  presented  in  Section  VI.C.l.  Where  applicable,  data  from 
plug  motors  have  been  combined  with  results  from  other  full-scale  motors. 

3.  Mechanical  and  Chemical  Properties 

a.  Propellant 

Bulk  Propellant 

Bulk  propellant  from  motors  was  not  scheduled  for  testing 
this  report  period.  Remnants  from  Motors  QT-11  and  AA20587  will  be  tested  in 
July  and  September  1986,  respectively. 

Gradients  from  the  Bore  and  Bondline 


Uniaxial  Tensile  Properties  -  Grain  cracking  resulting  from 
propellant  surface  hardening  has  been  identified  as  a  potential  mode  of  fail¬ 
ure  for  the  Mlnuteman  propellant-liner-insulation  system  (Reference  2).  As  a 
result,  gradients  in  uniaxial  tensile  properties  as  a  function  of  distance 
from  the  bore  surface  were  evaluated  at  77UF,  1.0  min-^  for  materials  from 
motors  tested  during  the  current  report  period.  Results  have  been  added  to 
plots  and  tabulations  prepared  to  assess  the  effect  of  aging  for  propellant 
adjacent  to  the  bore  (0.1,  0.2,  0.5,  and  1.0  in.  from  bore,  Figures  2  and  3). 
Motors  AA20887,  AA21051,  AA21434,  AA2L480,  and  MSEX-2,  ranging  in  age  from 

**Results  for  Motors  AA21049  and  AA2132I  are  presented  in  SAAS-33  and  SAAS-34 , 
respect ively . 
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2.5  to  170  mo,  have  been  included.  In  general,  data  show  goo.,  agreement  with 
previously  established  trend  lines:  propellant  formulated  with  GTR  CTPB  shows 
little  change  with  extended  storage,  while  propellant  formulated  with  Phillips 
CTPB  exhibits  significant  hardening  near  the  bore  with  age.  Hardening,  indi¬ 
cated  by  an  increase  in  modulus  and  decrease  in  strain  capability,  is  attrib¬ 
uted  to  increased  crosslinking  resulting  from  diffusion  of  oxygen  into  the 
propellant.  Iron  contamination  in  Phillips  CTPB  is  known  to  increase  the  rate 
of  oxidative  crosslinking  in  propellant  (Reference  2). 

Uniaxial  tensile  properties  near  the  bore  for  early  ageout 
Motors  AA21051  (GTR)  and  AA21434  (Phillips)  are  within  the  range  of  values  for 
comparably  aged  motors.  Increase  in  modulus  and  decrease  in  strain  capability 
for  Motor  MSEX-2  from  2.5  to  24  mo  is  attributed  to  expected  postcure  of  the 
propellant  which  occurs  in  the  first  36  mo  of  motor  life.  Data  are  tabulated 
In  Appendix  A. 

Stress  Relaxation  -  Gradients  in  response  properties  as  a 
function  of  distance  from  the  bondline  interface  were  measured  at  77°F  with 
2.0%  applied  strain  for  materials  removed  from  all  motors  tested  during  the 
current  report  period.  Data  are  tabulated  in  Appendix  A  and  shown  graphically 
in  Figure  4.  This  plot  (relaxation  modulus  as  a  function  of  storage  time  for 
113  excised  samples)  is  applicable  to  tests  conducted  with  2.0%  applied 
strain;  results  from  previous  tests  (conducted  v/ith  0,5%  applied  strain)  have 
been  adjusted  using  equations  described  in  SAAS  33. 

In  general,  test  results  at  1.0  in.  from  the  bondiine  con¬ 
tinue  to  indicate  differences  between  Phillips  and  GTR  propellant,  with  GTR 
propellants  exhibiting  little  of  the  hardening  associated  with  aged  Phillips 
propellants.  At  2.0  iru  from  the  bondiine,  aging  behavior  is  not  statisti¬ 
cally  different  between  Phillips  and  GTR  propellants:  hardening  noted  at  1.0 
in.  is  not  apparent  for  Phillips  propellants  (Figure  5).  It  is  likely  that 
hardening  at  the  bondiine  Is  related  to  location  of  the  excised  sample  (Figure 
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6).  The  sampled  bondline  area  in  an  excise  sample  lies  in  close  proximity  to 
the  bore  surface.  As  a  result,  propellant  in  that  area  experiences  moisture 
and  oxygen  diffusion  both  from  the  bore  surface  and  through  the  aft  boot 
(lesser  degree).  Propellant  from  case-bonded  samples  (remnants,  plugs)  does 
not  undergo  the  degree  of  hardening  at  the  bondline  noted  in  excise  samples. 

At  the  bondline  interface,  propellant  softening  is  related  to 
degree  of  liner  degradation.  In  motors  where  liner  has  degraded  significantly 
(Motor  AA21051,  for  example),  propellant  immediately  adjacent  to  the  bondline 
exhibits  reduced  relaxation  modulus  in  that  region. 

Chemical  Evaluation  of  Propellant  by  FTIR  (Transmission 
Spectra  of  Chloroform  Extracts)  -  No  chemical  evaluation  of  propellant  from 
motors  was  scheduled  during  the  current  report  period. 

b.  Propellant-Liner-Insulat ion  Bond 

Bond  tensile  strength  of  samples  excised  from  the  aft  ends  of 
field-returned  motors  has  been  routinely  measured  to  qualitatively  evaluate 
the  effects  of  aging  on  the  bond  capability  of  the  system.  (A  small  bond 
specimen,  1.0  x  1.0  x  0.5  In.,  tested  at  a  strain  rate  of  1.0  min'1  was 
selected  as  a  convenient  method  to  monitor  bond  strength  f  _  ised  material 
during  the  LRSLA  program.) 

Measurements  of  bond  tensile  strength  for  excised  samples 
tested  this  report  period  have  been  added  to  a  population  of  113  samples 
(Figure  /).  With  the  addition  of  these  samples,  measurements  of  bond  tensile 
strength  continue  to  Indicate  that  significant  liner  degradation  has  occurred 
in  the  aft  boot  area  after  17  years  (~200  ino)  storage.  Bond  strengths  of 
Motor  AA21434,  returned  to  ASPC  at  122  mo  due  to  excessive  liner  degradation, 
are  below  average  but  within  the  range  of  values  For  comparably  aged  motors 
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Strengths  for  Motor  AA21051,  aged  161  mo,  are  the  lowest  seen 
to  date  (average  of  11  psi,  ranging  from  3  to  24  psi).  Liner  from  Motor 
AA21051,  prepared  from  Liner  Lot  Lf,  was  severely  degraded  with  an  abnormal 
pink  color.  Liner  Lot  Lf  was  used  in  7  of  the  11  motors  rejected  at  00-ALC. 
The  rejected  motors  are  from  a  total  of  56  motors  inspected  at  00-ALC. 

For  severely  degraded  liner  (<20  psi),  bond  strength  measured 
in  a  constant  rate  test  at  1.0  min~l,  does  not  relate  to  liner  condition. 
Chemical  testing  can  provide  a  better  indication  of  liner  condition  for  old 
motors  (SAAS-33). 

c.  SD-851-2  Liner 


Chemical  test  results  for  liner  from  motors  tested  during  the 
current  report  period  are  shown  in  the  following  table: 

Swelling  Gel-filler 

Motor  SN  Age,  mo  Ratio  Fraction 


MSEX-2* 

24 

1.89 

0.613 

AA21480* 

110 

1.89 

0.454 

AA21434 

122 

2.28 

0.273 

AA21051 

161 

>2.5 

0.130 

AA20887 

170 

>2.5 

0,260 

^Excised  from  Plug  Motors 


That  SD-851-2  liner  proceeds 
reaction  followed  by  a  hydrolytic  degradation 
Testing  of  aged  motors  indicates  the  presence 
of  degradation  depends  on  storage  environment 


through  an  initial  postcure 
reaction  is  well  established, 
of  degraded  liner.  The  extent 
as  well  as  age. 
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The  extent  of  degradation  in  the  liners  from  Motors  MSEX-2, 
AA21480,  and  AA20887  is  consistent  with  accumulated  motor  data  for  gel-filler 
fraction  based  on  age.  The  liners  from  Motors  AA21434  and  AA21051  are  more 
degraded  than  expected  for  the  age9  of  the  motors.  Figure  8  shows  the  excised 
sample  data  and  the  kinetic  projection  curve  for  gel-filler  fraction  at  70°F 
and  50%  RH  (unsealed  motors).  The  predicted  curve  is  derived  from  the  kinetic 
projection  for  bond  tensile  strength  which  was  calculated  during  the  LRSLA 
p  rogram. 


The  two  early  ageout  motors  with  most  severe  liner  degrada¬ 
tion,  AA21051  and  AA21434,  were  rejected  at  Hill  AFB  from  operational  use  due 
to  premature  aging  based  on  visual  inspection.  Three  liner  lots  (Lf,  Sq ,  and 
Zs)  have  been  found  in  the  group  of  motors  identified  at  Hill  AFB  as  prema¬ 


turely  aged.  Motor  AA2105L  has  liner  from  Lot  Lf  and  Motor  AA21434  has  liner 
from  Lot  Zb*.  Motor  AA21434  is  the  first  motor  tested  at  ASPC  from  liner 
Lot  Zs*.  For  a  discussion  of  early  ageout  motors,  see  Section  VI. C. 2. 


Motor  excised  sample  data  are  presented  in  Appendix  A. 


d.  V-45  Insulation 


Shrinkage  of  the  motor  insulation  in  the  booted  area  is  a 
major  contributing  factor  to  potential  motor  failure  and  is  a  direct  result  of 
net  plasticizer  loss.  To  monitor  the  aging  behavior  of  the  insulation, 
response  properties  of  V-45  insulation  for  motors  tested  during  the  report 
period  were  evaluated  by  stress  relaxation  tests  conducted  at  77°F  with  2.0% 
applied  strain.  Values  for  relaxation  modulus  at  1  min,  are  graph¬ 

ically  presented  in  Figure  9  with  results  for  samples  excised  from  113  motors 
tested  after  storage  times  ranging  to  222  months. 

In  general,  data  for  motors  tested  this  report  period  show 
good  agreement  with  established  trend  lines.  Wide  sample  variability  among 
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113  motors  continues  to  be  evident  for  properties  of  V-45  insulation.  Relaxa¬ 
tion  modulus  for  insulation  from  Motor  MSEX-2  increased  from  1,275  to  1,774 
psi  with  24-mo  storage  (39%  increase  vs  an  expected  increase  of  ^5%).  The 
greater  than  expected  increase  in  modulus  may  be  due  to  variability  inherent 
in  the  material  itself  (orientation  effects).  Data  at  24  mo  approximate 
predicted  values  for  modulus  for  the  population. 

The  chemical  testing  conducted  on  V-45  insulation  consists  of 
gel-f tiler  fraction  and  weight  %  DOP.  Data  from  the  motors  tested  in  the  cur¬ 
rent  report  period  are  listed  in  the  following  table: 

Gel-filler 
Fraction  %  DOP 

0.856  3.40 

0.890  1.67 

0.881  1.60 

0.907  1.68 

0.889  0.93 

*Excised  from  Plug  Motor 

The  test  results  from  the  five  motors  are  consistent  with 
previously  tested  motors.  Figure  10  shows  the  aging  trends  of  gel-filler 
fraction  and  weight  %  DUP.  The  increases  in  gel-filler  fraction  with  time 
represents  the  net  effect  of  DOP  loss,  Oronite-6  gain  (from  the  propellant), 
and  moisture  gain  in  the  insulation. 

The  migration  of  DOP  from  the  insulation  to  the  liner/ 
propellant  is  a  diffusion  process  dependent  on  time  and  temperature.  Since 
DOP  concentration  for  the  two  early  ageout  motors  (AA2105).  and  AA21434)  is 
consistent  with  the  projected  loss  based  on  age,  early  ageout  is  considered  to 
be  primarily  a  function  of  liner  hydrolytic  degradation. 
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Age,  i 

MSEX-2* 

24 

AA21480* 

110 

AA21434 

122 

AA21051 

161 

AA20887 

170 
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Motor  excised  sample  data  are  presented  in  Appendix  A. 

4.  NDT  Examination  of  Motors 

a.  Visual  Inspection 

The  objective  of  visually  inspecting  Minuteman  Stage  II 
motors  from  the  Motor  Reinanuf acture  Program  is  to  determine  long-term  aging 
effects  on  the  propellant,  liner,  and  insulation.  Bond  system  quality  is 
based  on  boot  gap  and  boot  lifting  from  the  propellan';  on  t he  forward  and  aft 
ends  of  the  grain.  In  the  forward  end,  measurement  of  nipple  lifting  and 
movement  with  respect  to  the  propellant  is  made  at  the  0--deg  location.  On  the 
aft  end,  boot  lifting  and  movement  of  the  boot  with  respect  to  the  propellant 
are  measured  at  the  180  deg  location.  The  0-  and  180-deg  locations  are  used 
because  they  typically  are  the  areas  with  the  greatest  lifting  and  boot  move¬ 
ment  . 


Overall  propellant  quality  is  estimated  on  the  motor  by 
measuring  propellant  slump  and  by  visual  observation  of  cracks,  voids, 
discoloration,  and  AP  on  the  surface  of  the  propellant.  In  addition,  Shore  A 
is  measured  at  the  forward,  bore,  and  aft  sections  of  the  grain  to  determine 
propellant  surface  hardness.  From  these  findings,  general  quality  of  the 
motor  grain  is  classified  as  fair,  poor,  or  very  poor.  A  "good"  grain 
condition  would  be  as-manufactured  (zero  age).  A  chart  showing  how  the 
ratings  are  derived  is  presented  in  Appendix  A,  Figure  A-7. 

Since  the  last  report  period,  the  following  24  motors  were 
visually  inspected. 
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Phillips 


20598 

20820 

20555 

20953 

20602 

20818 

20593 

20957 

20614 

20894 

20612 

21051 

20630 

20924 

20687 

21067 

20645 

20932 

20750 

20760 

21434 

20786 

20801 

20855 

A  visual  inspection  summary  for  these  motors  Is  located  in 
Appendix  A,  Figure  A-8.  A  visual  inspection  for  all  motors  inspected  to  date 
is  located  in  Appendix  A,  Figure  A-9. 

Differences  between  motors  manufactured  with  GTR  and  Phillips 
CTPB  continues  to  be  small.  Motor  rating  by  CTPB  manufacturer  is  shown  below: 


Pooled 


GTR 

Phillips 

(Phillips 

Fair 

48% 

42% 

46% 

Poor 

32% 

44% 

37% 

Very  Poor 

20% 

14% 

17% 

Motors  rated  "Fair"  would  be  considered  acceptable  for  field 
use,  and  motors  rated  '’Poor"  or  "Very  Poor"  would  be  considered  aged  out. 


The  visual  inspection  database  at  ASPC  has  been  augmented  by 
visual  observations  at  00-ALC,  which  is  usually  restricted  to  observations 
through  the  igniter  boss  because  of  motor  disassembly  limitations.  These  data 
are  an  important  addition  to  the  present  database  because  they  represent 
motors  from  a  younger  population  increasing  the  range  of  motor  ages. 

Motors  21051,  21067,  and  21434  were  sent  to  ASPC  this  report 
period,  since  they  failed  to  meet  ageout  criteria  when  inspected  by  00-ALC. 
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These  motors  were  10.2  to  13.4-yr  old  at  the  time  of  ASPC  visual  inspection 
and  were  considered  to  have  aged-out  prematurely.  These  motors  all  had  a  very 
poor  bond  system,  but  all  other  inspection  parameters  were  in  fair  condition. 
The  ASPC  inspection  results  of  these  motors  is  included  in  the  visual 
inspection  report  in  Appendix  A,  Figure  A-8.  See  Section  VI. C. 2.  of  this 
report  for  more  about  the  early  age-out.  investigation. 

Forward  nipple  lifting  at  the  zero  degree  motor  azimuth  was 
observed  on  one  of  the  24  motors  inspected  this  report  period.  Nipple  lifting 
was  0.03  in.  for  this  motor.  Ten  of  the  24  motors  had  forward  nipple  unbonds 
but  no  measurable  lifting;  three  of  these  ten  were  early  age-out  motors.  Fig¬ 
ure  11  shows  a  histogram  of  forward  nipple  lifting  of  all  motors  inspected  to 
date  except  for  Motor  AA20502.  Forward  lifting  of  this  motor  was  eliminated 
from  the  database  since  its  original  inspection  report  is  erroneous.  The  dis¬ 
tribution  is  one-sided  normal  and  has  an  upper  3o  limit  of  0.09  in.  Seven 
motors  were  reported  to  have  forward  lifting  greater  than  this  limit  and  are 
considered  to  be  outliers.  Possible  explanations  for  these  high  data  are: 

.  Measurement  inaccuracy 

.  Incorrect  recording 

.  Data  is  real  and  was  reported  correctly 

It  is  likely  that  these  large  data  (>0.09  in.)  are  the  result  of  some  combin¬ 
ation  of  all  three  possibilities  and  will  be  treated  as  questionable  for 
future  analysis. 

b.  Propellant  Properties  (On-Surface,  Shore  A) 

Two  washout,  two  lot  combo,  tvjo  PQA  and  one  plug  motor  were 
tested  for  On-Surface  and  Shore  A  hardness.  The  test  results  are  summarized 
in  Appendix  A  of  this  report.  Data  from  three  Hill  AFB  tested  motors  are  also 
summarized  in  Appendix  A. 
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A  graphic  presentation  of  E0  (initial  modulus)  at  seven 
axial  locations  in  the  motor  is  provided  in  Figures  12  through  15.  The  +  3o 
limits  vary  somewhat  for  motors  in  the  same  category  (Washout,  Phillips  CTPB, 
GTR  CTPB,  Remanufactured)  because  data  values  used  to  determine  +_  0  limits  did 
not  include  those  of  the  motor  tested.  This  was  done  to  prevent  the  motor 
from  being  forced  within  the  limits  of  a  small  database  population.  A  perma¬ 
nent  database  will  be  established  when  the  sample  population  in  each  category 
equals  20  motors. 


Washout  motors  AA21434  and  AA20887  initial  modulus  values 
fall  well  within  the  +  3o  limits,  Figure  12. 

Lot  Combo  Motors  R8-006  and  R7-038  were  well  within  the  3o 
limits  for  one  month  old  regrain  motors.  R7-038  was  identified  a9  a  low  mod¬ 
ulus  motor;  the  forward  readings  were  somewhat  low  but  all  values  are  within 
expected  limits,  Figure  L3. 

The  surface  hardness  values  for  PQA  6-111  and  PQA  6-110, 
Figure  14,  are  typical  for  one  month  old  remanufactured  motors. 

Plug  Motor  1984A  at  24  mo  has  aged  sufficiently  to  be 
included  iri  the  database  for  washout  motors,  Figure  15A.  The  On-Surface  mod¬ 
ulus  values  have  increased  6  to  23%  at  the  axial  test  locations  over  the  last 
22  mo,  Figure  16.  This  shift  in  the  surface  E0  is  in  general  agreement  with 
the  hulk  sample  data. 


Data  from  Hill  AFB  teGted  Motors  AA22114,  AA22272,  and 
AA22304  are  shown  in  Figure  15B,C,D. 
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c.  Ignitability  (IDM,  SEM) 

Ignltability  testing  is  performed  on  selected  old  and  regrain 
Minuteman  Stage  II  (MM  II)  motors.  Propellant  is  excised  from  the  forward  fin 
slots  and  tested  using  the  Ignition  Delay  Motor '(.IDM)  and  Scanning  Electron 
Microscope  (SEM).  SEM  analysis  reveals  surface  features  which  may  affect  ig¬ 
nitability.  The  IDM  Is  a  small  ballistic  model  designed  to  dynamically  sim¬ 
ulate  the  ignition  transients  and  flame  propagation  of  the  Minuteraan  Stage  II 
motor. 

During  this  reporting  period  two  washout . motors  (AA20887  and 
AA21434),  two  lot  combination  motors  (R7-017  and  R8-006),  two  Production  Qual¬ 
ity  Assurance  motors  (R7-036  and  R8-003)  and  two  plugged  motor  samples  (from 
MSKX-2  and  one  of  its  analogs)  were  tested.  Ignitability  testing  and  SEM 
results  for  these  motors  are  reported  in  the  testing  summary  in  Appendix  A  of 
this  report. 

■i  , 

The  data  from  motors  tested  during  this  period  exhibit  great 
variability.  The  P.egra.tn  motors,  both  PQA  and  Lot  Combo,  shoW  the  greatest 
range.  PQA  6-110  and  Lot.  Combo  motor  R7-017  produced  relatively  low  ignit¬ 
ability  indices  while  PQA  6-111  and  Lot  Combo  R8-006  produced  ignltability 
indices  close  to  the  mean.  It  seems  unreasonable  that  this  much  uptead  exists 
in  new  motors.  Two  factors  are  readily  identifiable  as  potentially  affecting 
the  apparent  ignition  delay.  The  first,  documented  previously  in  SAAS-34  and 
-35,  is  the  rough  condition  of  the  upper  fin  slots  where  IDM  sample:-:  are 
excised.  The  problem  ha6  been  identified  by  ASPC  Manufacturing  as  a  pro¬ 
cessing  finish  in  the  preparation  of  the  fin  cores.  Changes  in  preparing  the 
fins  for  release  have  been  instituted  end,  Judging  from  samples  taken  from 
R8-006,  appear  to  have  solved  the  "roughness1'  problem,. 

The  second  factor  in  producing  variable  data  may  b's  the  high 
humidity  (80%  RH )  conditioning  of  the  IDM  grain  24  hr  prior  to  firing.  This 
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humidity  conditioning  was  used  in  the  original  studies  to  attempt  to  produce  a 
"worst-case“  scenario.  The  conditioning  interval  is  difficult  to  control 
because  of  scheduling  demands  at  the  burning  rate  laboratory.  The  effects  of 
overconditioning  (i.e.,  exposed  to  80%  RH  for  longer  than  24  hr)  and  IDM  per¬ 
formance  has  not  been  thoroughly  investigated  but  a  quick  look  at  the  data 
of  IDMs  known  to  be  overcondi tioned  indicates  that  ignition  performance  de¬ 
creases.  It  is  known  that  pitted,  scuffed,  and/or  AP  coated  surfaces  are  more 
humidity  sensitive.  In  addition,  work  with  IDMs  fabricated  from  Peacekeeper 
propellant  (ANB-3600)  where  IDM  grains  were  and  were  not  exposed  to  the  80%  RH 
prefire  conditioning  demonstrated  a  greater  range  when  conditioned.  The  80% 

RH  conditioning  scenario  does  not  reflect  the  normal  firing  condition  of  the 
PQA  motors  and  may  increase  the  scatter  of  ignitability  data.  The  IDM  perfor¬ 
mance  attempts  to  directly  correlate  to  PQA  ignition  performance.  Therefore, 
the  decision  to  delete  the  IDM  prefire  conditioning  has  been  made. 

It  Is  anticipated  that  the  acquisition  of  good  quality 
samples  and  a  more  realistic  firing  environment  will  eliminate  some  of  the 
data  variability.  The  excise  tooling  has  also  been  adjusted  to  provide  more 
uniform  sample  quality.  The  adjustments  consisted  of  reshimming  the  excise 
tooling  to  compensate  for  wear  and  provide  more  positive  control  of  the  excise 
knives. 


Two  IDMs  were  tested  as  part  of  the  plugged  motor  program. 
One  IDM  was  configured  from  propellant  excised  from  MSEX-2  and  one  was 
configured  from  an  MSEX-2  analog  carton.  Both  samples  were  taken  from 
released  propellant  surfaces.  Two  factors  are  evident  from  the  firing  data. 
First,  there  is  a  variance  between  the  analog  carton  sample  and  the  motor 
excise  samples.  The  lower  ignitability  values  appear  to  be  consistent  with 
the  Ignitability  index  produced  by  the  first  sample  excised  from  MSEX-2.  No 
reason  for  the  lower  performance  is  apparent.  Further  investigation  into  the 
propellant  properties  is  warranted. 
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Since  I DM  test  results  are  used  to  predict  full-scale 
Minuteman  Stage  II  ignition  delays,  a  prefire  prediction  was  issued  for  PQA 
6-109  in  this  reporting  period  because  the  SEM  work-up  wa6  pending  at  the 
cut-off  date  for  SAAS-35  reporting. 

The  prefire  report  for  PQA  6-109  indicated  a  normal  firing. 

The  prefire  report  for  PQA  6-110  indicated  a  very  low  ignitability  slope  and 
the  ignition  delay  prediction  is  considered  anomalous  since  SEM  analysis  did 
not  support  the  low  performance.  Sample  quality  and  prefire  conditioning  are 
suspect . 

The  prefire  report  for  PQA  6-111  (R8-003)  Is  pending  SEM 
evaluation  although  the  I DM  data  Indicates  a  normal  (0.104  sec)  ignition 
delay.  PQA  motor  firings  are  on  "hold"  pending  the  resolution  of  facility 
problems  at  AEDC. 

0.  LABORATORY  SAMPLES 

1.  Introduction 


Analog  carton  samples  prepared  as  shown  in  Figure  17  are  used 
to  monitor  the  aging  behavior  of  ANB-3066  propellant  used  in  the  Minuteman 
Remanufacture  program.  The  sample,  designed  to  simulate  the  surface— to-free 
volume  ratio  in  the  bore  of  the  Minuteman  Stage  II  motor,  is  sealed  to  repre¬ 
sent  a  motor  with  a  weatherseal  in  place.  The  bondline  is  designed  to  simu¬ 
late  the  aft  booted  area  of  the  motor,  where  aging  effects  are  known  to  be 
greatest.  Samples  representing  each  propellant  lot  combination  are  tested 
after  designated  periods  of  storage  at  80,  110,  and  135°F  to  provide  assurance 
that  no  unexpected  variation  in  stability  occurs  with  changes  in  materials  or 
processing . 
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To  ensure  that  propellant  representative  of  full-scale  motors 
is  being  monitored,  analog  samples  are  now  prepared  from  propellant  batches 
used  in  the  sixth  motor  cast  for  each  lot  combination  (as  opposed  to  use  of 
qualification  (DW)  batches).  Samples  from  Lot  Combinations  85A,  85B,  86A, 

87B,  88D,  and  89A  have  been  cast  from  motor  batches. 

Although  previous  studies  have  indicated  significant 
differences  exist  between  properties  of  propellant  cast  into  motors  and 
properties  for  laboratory  samples,  it  is  expected  that  aging  trends  will  be 
similar. 

Analog  testing  at  selected  intervals  (8  to  16  mo)  provides 
early  warning  of  impending  problems  in  motors  cast  from  a  particular  lot 
combination. 

Testing  is  complete  for  Lot  Combinations  74  through  B5B. 
Samples  obtained  from  Lot  Combinations  86A  through  89A  were  tested  after 
storage  at  the  following  conditions: 

Lot  80 °F  1 10°F  135°F 

Combo  Control  12  mo  16  mo  8  mo 

86A  XXX  X 

87B  XX  X  X 

88D  X  X 

89A  X 
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2 .  Mechanical  and  Chemical  Properties 

a.  Propellant 

Bulk  Propellant 

Uniaxial  Tensile  Properties  -  Uniaxial  tensile  properties  of 
control  and  aged  samples  were  measured  at  0,  40,  77,  and  110°F  at  a  strain 
rate  of  0.74  rain-*.  Tests  conducted  at  150°F,  0.0074  rain-^  and  77°F,  100 
min-*  at  1,650  psig  were  added  in  the  revised  test  plan  to  measure  per¬ 
formance  of  the  propellant  at  test  conditions  related  to  operational  storage 
and  firing  loads.  Test  results  from  samples  tested  this  report  period  are 
tabulated  in  Appendix  B. 

Values  of  uniaxial  tensile  properties  measured  at  77°F,  0.74 
min-1  for  unaged  samples  from  16  lot  combinations  have  been  plotted  in  con¬ 
trol  chart  format  in  Figure  IS.  Data  indicate  wide  variability  in  modulus  and 
strength  for  unaged  propellant.  Moduli  of  samples  from  86A,  87B,  and  88D  are 
among  the  highest  to  date.  On  the  basis  of  past  experience,  it  is  expected 
that  moduli  for  these  lot  combinations  will  remain  high  with  aging. 

Data  measured  at  77°F,  0,74  min”*  have  been  combined  to 
assess  aging  behavior  of  the  total  population  at  several  aging  conditions. 
Although  additional  data  are  available  for  unaged  samples,  the  sample  size  for 
the  unaged  population  was  limited  to  results  from  Lot  Combinations  76  through 
87B  to  provide  a  direct  comparison  in  properties  between  the  aged  and  unaged 
populations  (l.e«,  for  the  same  batches).  The  cumulative  frequency  distri¬ 
bution  of  Initial  tangent  modulus  for  control  and  aged  populations  is  plotted 


*Appendix  B  includes  results  of  testing  conducted  on  Lot  Combinations  85A 
through  89A.  Results  for  Lot  Combinations  74  through  84  are  available  in 
SAAS-33. 


Page  27 


Report  0162-06-SAAS-36 


VI. B.  Laboratory  Samples  (Cont) 

In  Figure  19.  This  approach  is  useful  in  estimating  the  mean,  variability, 
and  normality  of  the  population  and  the  approximate  magnitude  of  change  in 
properties  with  aging. 

The  data  have  been  plotted  on  logarithmic  paper  as  a  means  of 
normalizing  variability  in  modulus  on  a  basis  of  percentage  increase.  The 
roughly  parallel  slopes  of  the  data  for  the  unaged  and  samples  aged  at  ele¬ 
vated  temperatures  suggest  little  change  In  percent  variability  with  aging. 

The  irregular  slope  of  the  cumulative  frequency  curve  for  the 
samples  aged  at  80°F  for  12  mo  indicates  greater  variability  in  properties  at 
that  condition.  This  increased  variability  suggests  that  at  80°  F,  expected 
propellant  hardening  related  to  postcure  is  not  complete  following  12-mo  stor¬ 
age.  Following  storage  at  high  temperatures,  variability  in  properties  goes 
down  as  samples  reach  the  same  level  of  cure  (indicated  by  shallower  slope  for 
110  and  I35°F  aging  in  Figure  19).  High  variability  at  80°F  indicates  that 
factors  in  addition  to  elapsed  time  can  influence  the  rate  of  cure  for 
AN'B-3066  propellant.  Work  will  continue  to  evaluate  effects  of  formulation 
variables  and  materials  on  aging  behavior  for  propellant  lot  combinations. 

In  general,  the  lot  combinations  tend  to  age  at  approximately 
the  same  rate;  that  Is,  a  lot  combination  for  which  modulus  is  initially  the 
highest  of  the  population  will  be  found  in  the  high  range  of  aged  samples. 
(Exceptions  for  Lot  Combinations  77  and  78  were  noted  in  the  last  report.) 
Propellant  for  Lot  Combination  87B,  included  this  report  period,  behaves  as 
expected  in  comparison  with  other  batches  (initially  high  modulus  stays  high 
with  aging).  Modulus  for  Lot  Combination  86A  is  high  initially,  but 
approaches  average  values  with  aging. 
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Data  for  strength  and  strain  capability  were  treated  using 
the  approach  described  for  modulus.  The  average  (median)  increase  in  prop¬ 
erties  for  the  population  (12  lot  combinations)  following  storage  at  several 
aging  conditions  is  shown  below: 


Normalized  Properties  (Aged/Unaged) 


Aging  Condition 

am 

em 

£b 

Eq 

Unaged  (Median) 

95 

35 

52 

464 

Unaged 

1.00 

1.00 

1.00 

1.00 

12  no  at  80°F 

1.24 

0.74 

0.68 

1.43 

16  mo  at  1 10°F 

1.49 

0.59 

0.48 

2.18 

8  mo  at  135°F 

1.60 

0.55 

0.43 

2.52 

As  expected,  most  severe  changes  in  properties  occur  at 
elevated  storage  temperatures.  On  the  basis  of  kinetic  evaluation  of  the 
data,  8  mo  storage  at  135°F  is  approximately  equal  to  52  mo  at  80°F;  16  mo  at 
110°F  is  approximately  equivalent  to  46  rao  at  80°F. 

Stress  Relaxation  -  Data  for  relaxation  moduli  (tests  con¬ 
ducted  at  77°F,  2.0%  applied  strain)  of  control  and  aged  propellant  samples 
are  in  agreement  with  hardening  trends  noted  for  uniaxial  tensile  properties. 

Data  were  treated  using  the  approach  described  for  uniaxial 
tensile  results  (cumulative  frequency  distributions).  The  average  (median) 
increase  in  relaxation  modulus  for  the  population  (Lot  Combinations  76  through 
87B)  following  storage  at  several  aging  conditions  is  shown  in  the  following 
table: 
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Aging  Conditions 

Unaged 

12  mo  at  80°F 
16  mo  at  110°F 
8  mo  at  135°F 


Median 

Normalized  Er 

Eri 

(Aged/Unaged) 

274 

1.00 

460 

1.68 

69  5 

2.54 

820 

3.00 

A  comparison  of  normalized  relaxation  modulus  with  normalized 
initial  tangent  modulus  (Section  VI.B.2.a.)  indicates  a  greater  change  in 
response  properties  with  aging  than  in  uniaxial  tensile  properties  for  samples 
stored  at  all  conditions.  Data  are  presented  in  Appendix  B. 

Gradients  from  the  Bore  and  Bondline 


Uniaxial  Tensile  Properties  -  Grain  cracking  due  to  pro¬ 
pellant  surface  hardening  has  been  identified  as  a  potential  failure  mode  for 
the  Minuteman  propellant-liner-insulation  system  (Reference  2).  As  a  result, 
the  gradients  in  uniaxial  tensile  properties  as  a  function  of  distance  from 
the  simulated  bore  surface  are  routinely  measured  using  mini  tensile  specimens 
(0.1  in.  thickness,  1.0  in.  gage  length). 

Effect  of  aging  on  strain  capability  at  the  bore  surface  for 
samples  from  16  lot  combinations  (Lot  Combinations  76  through  89a)  is  pre¬ 
sented  in  Figure  20.  The  most  pronounced  change  in  properties  with  aging 
(increased  strength  and  modulus,  decreased  strain  capability)  occurs  at  the 
simulated  bore  surface  (0  to  2.0  in.  from  bore  surface).  As  expected,  storage 
at  135°F  produces  most  severe  decreases  in  strain  capability  as  shown  on  the 
following  table: 

i 


Report  0162-06-SAAS-36 


VI. B.  Laboratory  Samples  (Cont) 


Storage  Condition 

No.  Lot 
Combos 

Average  Ratio  of  em* 
0.1  in. 

From  Bore  Surface 

(Aged /Unaged ) 
2.0  in. 

From  Bore  Surface 

Unaged  (em,  Median) 

16 

20.8% 

28.8% 

Unaged 

16 

1.00 

1.00 

12  mo  at  80°F 

12 

0.86 

0.83 

16  mo  at  1 10°F 

12 

0.65 

0.83 

8  mo  at  135°F 

15 

0.45 

0.67 

At  distances  greater  than  2.0  in.  from  the  bore  surface,  the 
initial  gradient  in  properties  tends  to  be  retained  as  the  propellant  is  aged. 

Strain  capability  near  the  bore  for  unaged  propellant  from 
Lot  Combination  87B  is  the  lowest  seen  to  date.  Values  are  within  the  range 
of  previously  tested  samples  following  storage  at  135°F. 

Stress  Relaxation  -  The  gradient  in  relaxation  moduli  as  a 
function  of  distance  from  the  bondline  is  measured  in  tests  conducted  at  77°F 
with  2.0%  applied  strain.  The  relaxation  modulus  is  important  in  assessing 
stresses  at  the  bondline. 

Data  from  16  lot  combinations  indicate  the  presence  of  a 
hardened  layer  in  unaged  samples  at  0.1  in.  from  the  bondline  interface 
(Figure  21).  With  aging  at  elevated  temperatures,  the  propellant  at  0.1  in. 
shows  some  softening,  which  as  been  attributed  to  migration  and  subsequent 
degradation  of  azirtdines  from  SD-851-2  liner.  Migration  of  plasticizers  from 
the  insulation  may  also  contribute  to  propellant  softening.  Propellant  at 
distances  greater  than  0.1  in.  from  the  bondline  interface  continues  to  harden 
with  age.  As  noted  for  propellant  near  the  bore  surface,  hardening  is  due  to 
oxidative  cro8slinking  resulting  from  oxygen  migration  into  the  propellant. 


^Strain  at  nominal  stress,  em 
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Due  to  the  barrier  effect  of  the  V-45  insulation,  hardening  proceeds  at  a 
slower  rate  than  near  the  bore. 


Oxygen  migration  into  propellant  near  the  bondline  has  been 
confirmed  by  examination  under  ultraviolet  light.  Aged  ANB-3066  propellant 
typically  exhibits  a  color  difference  under  ultraviolet  light  in  areas  of  low 
antioxidant  concentration  (Reference  5).  In  an  analog  aged  12  months  at  80°F, 
(Lot  Combination  88D),  a  band  was  noted  to  a  depth  of  approximately  3/4  in. 
(versus  approximately  7/8  to  1  in.  at  the  bore).  This  band  has  been  noted  at 
the  bondline  in  aged  analogs  regardless  of  storage  condition,  as  well  as  in 
samples  excised  from  the  aft  end  of  motors.  It  is  not  present  in  case-bonded 
samples  (motor  plugs  or  remnants),  where  oxygen  is  not  available  for 
crosslinking.  Hardening  at  the  bondline  should,  therefore,  be  greatest  in  the 
booted  areas  of  the  motor. 


Chemical  Evaluation  of  Propellant  by  FTIR  -  Chemical  testing 
of  propellant  consists  of  FTIR  transmission  spectra  of  chloroform  extracts  for 
gradients  from  the  simulated  bore  and  bondline  surfaces  of  the  analog  samples. 
The  absorbance  of  the  trans  double  bond  peak  at  970  WN  (normalized  to  initial 
weight)  exhihits  changes  typical  of  all  CTPB  peaks  and  Is  indicative  of  the 
amount  of  extractable  CTPB,  which  decreases  as  the  crosslink  density  of  the 
propellant  increases.  A  complete  discussion  of  FTIR  capabilities  is  presented 
in  SAAS-34.  FTIR  data  are  presented  in  Appendix  B. 


The  wide  range  of  extractable  CTPB  observed  from  the  various 
unaged  lot  combinations  is  attributable  to  the  differences  in  the  degree  of 
postcure.  After  aging  12  rao  at  80°F,  most  of  the  postcure  reaction  is  com¬ 
pleted  and  the  range  of  extractable  CTPB  observed  between  the  various  lot 
combinations  has  narrowed.  The  effects  of  aging  at  both  the  bore  and  bondlim? 
surfaces  are  evaluated  by  comparing  the  test  results  of  samples  after  accel¬ 
erated  aging  (16  mo  at  110°F  and  8  mo  at  133°F)  and  the  samples  aged  12  mo  at 
80°F. 


r.'i 

i 
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Cradient  from  the  Bore  -  Bore  surface  hardening  is  observed 
in  analog  cartons.  The  degree  and  depth  of  hardening  depends  on  temperature 
and  time.  The  mechanism  for  bore  surface  hardening  is  diffusion  of  oxygen 
into  the  propellant  followed  by  oxidative  crosslinking  reactions.  The 
activation  energy  of  the  crosslinking  reaction  is  higher  than  the  activation 
energy  of  diffusion.  Consequently,  propellant  exposed  to  higher  temperatures 
undergoes  the  crosslinking  reaction  faster,  limiting  the  depth  of  diffusion  of 
oxygen.  Conversely,  propellant  exposed  to  lower  temperatures  crosslinks 
slower  and  allows  oxygen  to  diffuse  to  a  greater  depth  from  the  bore  surface. 

The  amount  of  extractable  CTPB  near  the  bore  surface,  mea¬ 
sured  by  the  absorbance  of  the  970  WN  peak,  is  indicative  of  the  extent  of 
oxidative  crosslinking.  Comparison  of  test  results  between  the  two  accel¬ 
erated  aging  conditions  and  12  mo  aging  at  80°F  is  shown  in  Figure  22.  The 
aging  trends  are  (1)  a  slight  decrease  in  the  amount  of  extractable  CTPB  after 
16  mo  at  110°F  to  a  depth  of  at  least  0.5  in.  and  (2)  a  greater  decrease  in 
the  amount  of  extractable  CTPB  after  8  rao  at  135°F  to  a  depth  of  0.3  in. 
Hardening  to  similar  depths  at  the  two  accelerated  aging  conditions  is  ob¬ 
served  for  mechanical  properties. 

Gradient  from  the  Bondline  -  The  propellant  adjacent  to  the 
liner  is  highly  crosslinked  in  unaged  cartons  and  in  cartons  aged  12  mo  at 
80°F.  The  initial  hardening  at  the  bondline  results  from  the  migration  and 
subsequent  reaction  of  the  liner  aziridines  in  the  propellant.  Upon  acceler¬ 
ated  aging,  two  competing  reactions  are  occurring  (l)  the  propellant  near  the 
bondline  (farther  than  0.1  In.)  oxidatively  crosslinks  as  a  result  of  oxygen 
diffusing  through  the  insulation/ liner  into  the  propellant.  The  depth  of 
hardening  depends  on  time  and  temperature  (similar  to  bore  surface  hardening), 
and  (2)  the  propellant  immediately  adjacent  to  the  liner  degrades.  This 
degradation  at  the  bondline  can  be  attributed  to  one  of  the  liner  aziridines, 
TMAT,  which  has  a  lower  activation  energy  for  the  degradation  reactions 
(thermal  and  hydrolytic)  compared  to  the  aziridine  (BITA)  in  the  propellant. 
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TMAT  is  thus  more  susceptible  to  degradation.  The  extent  of  softening 
observed  at  the  bondline  interface  may  depend  on  the  relative  amounts  of  both 
TMAT  and  moisture  at  the  interface. 

The  amount  of  extractable  CTPB  near  the  bondline  reflects  the 
two  competing  reactions,  oxidative  crosslinking  and  degradation  of  TMAT.  At 
depths  greater  than  0.1  in.  from  the  bondline,  the  amount  of  extractable  CTPB 
at  the  three  aging  conditions  is  similar  to  the  amount  observed  near  the  bore 
surface  (indicative  of  oxidative  crosslinking).  Comparison  of  the  amount  of 
extractable  CTPB  from  cartons  after  12  mo  aging  at  80°F  to  cartons  after 
accelerated  aging  shows  the  effects  of  initial  hardening  followed  by  degrada¬ 
tion  at  the  bondline  interface.  After  12  mo,  the  interface  has  less  extrac¬ 
table  CTPB  compared  to  0.2  in.  After  accelerated  aging,  the  interface  has  the 
same  or  greater  amounts  of  extractable  CTPB  compared  to  0.2  in.,  indicative  of 
degradation  (see  Figure  23).  Mechanical  properties  show  similar  aging  trends 
near  the  bondline. 


b.  Propellant-Liner-Insulation  Bond 

The  effect  of  aging  on  the  strength  of  the  propellant-liner- 
insulation  bond  (Aj\'B-3066/SD-851-2/V-45)  has  been  routinely  monitored  using 
constant  rate  and  constant  load  tests  conducted  at  77°F.  These  tests  are  now 
supplemented  with  high  rate  shear  tests  conducted  at  operational  conditions 
(1,000  min-l,  600  psig  superimposed  pressure)  to  determine  effects  of  age  on 
bond  strength  for  firing.  Although  bond  strength  of  the  propellant-liner- 
insulation  system  is  probably  not  associated  with  changes  in  propellant  lot 
combinations,  strengths  are  routinely  monitored  to  provide  general  information 
regarding  aging  behavior  of  the  bond. 

Data  continue  to  indicate  an  initial  increase  in  bond  tensile 
strength  due  to  postcure  for  samples  stored  at  80°F  (Figure  24),  (Data  for 
Lot  Combinations  79,  83,  and  85B  show  a  slight  decrease  for  both  standard  and 
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mini-sized  specimens.)  Bond  strengths  are  decreased  for  samples  stored  for  24 
or  36  rao  at  80°F.  This  decrease  is  expected,  indicated  by  results  of  liner 
degradation  studies  conducted  during  the  LRSLA  program. 

Bond  tensile  strengths  decrease  following  storage  at  elevated 
temperatures  for  all  lot  combinations  during  the  first  year.  Additional  test¬ 
ing  conducted  on  samples  from  Lot  Combination  76  suggests  that  bond  strength 
continues  to  decrease  at  elevated  temperatures  following  24-mo  storage.  Data 
for  all  lot  combinations  are  provided  in  Appendix  B. 

Change  in  failure  mode  with  age  provides  information  about 
the  failure  mechanism.  Unaged  bond  specimens  typically  fall  between  the 
propellant  and  liner.  As  the  bondline  ages  and  strengths  decrease,  the 
failure  occurs  In  the  liner.  This  failure  mode,  is  consistent  with  the  degra¬ 
dation  of  the  liner  with  age  noted  in  both  chemical  and  bond  properties. 

Testing  using  mini-sized  specimens  (1.0  x  1.0  x  0.5  In.)  has 
been  performed  in  conjunction  with  standard  specimens  (1.75  x  1.75  x  1.0  in.). 
In  general,  bond  tensile  strength  measured  using  mini-sized  specimens  is 
slightly  lower  than  strengths  for  standard  specimens  over  the  range  of  data 
(approximately  40  to  120  psi).  Mini-sized  specimens  are  frequently  used  where 
sampling  material  is  limited  (excised  samples,  plugs)  or  to  evaluate  effects 
of  location  in  critical  areas. 

Tests  of  the  propel lant-liner-i nsulat ion  bond  have  been 
expanded  to  include  high  rate  shear  tests  conducted  at  operational  conditions 
(tested  at  77°F,  1,000  min-'-,  600  psig  superimposed  pressure).  Values  for 
imaged  analogs  from  Lot  Combinations  85A  through  89A  range  from  220  to  272 
psi.  With  aging,  variability  In  strength  increases:  Of  nine  lot  combinations 
for  which  aging  data  is  available,  three  show  Increases  and  six  show  decreases 
in  shear  strength  (Figure  25). 
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c.  SD-851-2  Liner 

Updated  data  tables  for  chemical  testing  of  SD-851-2  liner 
from  Lot  Combinations  76  to  89A  are  provided  in  Appendix  B.  Chemical  testing 
includes  swelling  ratio  and  gel-filler  fraction.  The  gel-filler  fraction 
values  reported  are  corrected  for  variations  in  liner  thickness.  A  complete 
discussion  of  the  correlation  of  liner  thickness  and  gel-filler  fraction  is 
presented  in  Appendix  A  of  SAAS-34.  Current  test  data  from  the  liners  in  Lot 
Combinations  86A,  87b,  and  88D  follow  previously  established  trends  as  shown 
in  Figure  26. 

d.  V-45  Insulation 

Results  of  stress  relaxation  tests  conducted  on  V-45  insula¬ 
tion  used  in  analogs  with  different  propellant  and  liner  lot  combinations 
continue  to  indicate  somewhat  erratic  data.  Wide  variability  is  probably  due 
to  orientation  effects  in  the  basic  material.  Unaged  cartons  representing  Lot 
Combinations  76  through  89A  gave  values  for  relaxation  modulus  at  1  minute 
(tested  at  77°F,  2.0%  applied  strain)  ranging  from  790  to  1,294  pBl.  Relaxa¬ 
tion  moduli  continue  to  increase  with  increasing  time  for  all  storage 
conditions. 


ft 
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RELAXATION  MODULUS  CHANGE  -  (77°F,  2.0%  STRAIN,  1  MIN) 

Storage  Conditions 

Lot 

Eri 

12  ino 

24  mo  36  mo 

16  mo 

8  mo 

Combo 

at  77 °F 

at  80°F 

at  80°F  at  85°F 

at  1 10°F  at  135°F 

76 

1086 

-13 

23  26 

17 

14 

77 

1033 

16 

48 

35 

78 

1138 

1 

17  44 

34 

42 

79 

792 

14 

81 

60 

79 

80A 

870 

20 

-5 

63 

31 

8 1A 

810 

-29 

57 

82E 

990 

32 

43 

83 

874 

26 

84 

42 

34 

790 

17 

73 

37 

85B 

847 

48 

77 

81 

86 

990 

67 

86A 

1215 

36 

16 

19 

87B 

1088 

15 

12 

63 

88D 

1294 

24 

89A 

1162 

Chemical  testing 

of  V-45  insulation  includes  swelling 

ratio, 

gel-f i  ller 

fraction,  weight  %  D0P, 

weight  %  H2O,  Shore 

A  hardness ,  and 

density . 

Updated  data  tables  for 

chemical  testing  of 

insulation  from  ' 

Lot 

Combinations  76  to  89A  are  provided  in  Appendix  B.  Current  test  data 

from  Lot 

Combinations  86A  and  87B 

follow  previously  established 

trends  as  shown 

in 

Figure  27. 

The  swelling 

ratio  and 

density  values  for 

the  insulation  from  Lot 

Combination  88D  at  the  first  two  test  Intervals  are  anomalous.  Future  testing 
of  insulation  from  Lot  88D  will  be  examined  for  continued  anomalous  behavior. 

Anomalous  behavior  in  chemical  properties  for  material  from 
Lot  Combination  88D  analogs  is  not  apparent  In  relaxation  properties. 
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The  wide  range  of  swelling  ratio  values  between  lot  combina¬ 
tions  is  due  to  the  anisotropic  nature  of  V-45  insulation.  Swelling  ratio 
depends  on  the  orientation  of  the  test  specimen.  Orientation  of  the  carton 
insulation  relative  to  the  insulation  calendaring  direction  is  unknown. 

C.  SPECIAL  TOPICS 


1.  Plug  Motors 


a.  Introduction 


The  concept  of  a  plugged  motor  has  been  included  in  the 
revised  test  plan,  Reference  1.  Periodic  sampling  of  full-scale  motors, 
stored  under  carefully  monitored  conditions,  permits  evaluation  of  aging 
trends  in  a  realistic  stress/strain  environment  without  the  complication  of 
raotor-to-motor  variability.  Methods  have  been  developed  to  remove  through- 
the-case  samples  (plugs  include  case,  insulation,  liner,  and  propellant)  while 
retaining  the  structural  integrity  of  the  motor  for  future  sampling  (SAAS~34). 


The  program  is  designed  to  sample  three  motors  (1976-vintage 
original  manufacture,  1984-  and  1986-vintage  reraanuf acture)  and  evaluate  them 
on  a  continuing  basis  for  comparison  with  motors  (and  remnants  of  motors)  of 
the  same  year  of  manufacture.  Plugs  from  the  forward,  mid-barrel,  and  aft 
chamber  areas  of  each  motor  are  supplemented  with  tests  of  excised  samples 
(forward  and  aft),  bore  samples,  and  nondestructive  test  techniques. 


Analog  carton  samples  cast  with  the  same  propellant  and  liner 
batches  used  in  the  1984  motor  (MSEX-2)  have  been  stored  with  the  motor  and 
will  be  tested  in  conjunction  with  the  motor  plugs  at  selected  intervals  to 
provide  a  correlation  between  material  properties  in  Lite  full-scale  motor  and 
corresponding  properties  of  small-scale  laboratory  samples  (Figure  28).  Know¬ 
ledge  of  these  relationships  will  enhance  the  value  of  the  more  economical 
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analog  samples.  No  carton  samples  will  be  available  for  propellant  cast  into 
Motor  AA21480  (1976  vintage)  and  Motor  R7-032  (1986  vintage). 

b.  Scope/Status 

This  discussion  contains  results  of  testing  conducted  on  plug 
samples . removed  from  the  forward  and  mid-barrel  areas  of  Motor  MSEX-2 
following  24-mo  storage.  In  addition,  an  aft  excise  sample,  aft  bore  sample, 
and  laboratory  sample  were  tested  this  report  period. 

Testing  is  complete  for  initial  samples  removed  from  Motor 
AA21480,  a  1976-vintage  original-manufacture  motor.  This  motor  was  selected 
for  use  as  a  plug  motor  to  evaluate  effects  of  real-time  aging  on  mechanical 
properties  of  late— production  materials.  Data  arc  available  for  four  plugs, 
aft  excise,  and  aft  bore  samples. 

Each  sample  type  provides  specific  information  regarding 
aging  behavior  of  the  motor.  A  brief  description  of  objectives  for  each 
sample  is  provided  in  Figure  29, 

c.  Mechanical  and  Chemical  Properties 

Motor  MSEX-2 


Excised  Sample  -  A  sample  was  removed  from  the  aft  end  of 
Motor  MSEX-2  after  24-mo  aging  to  evaluate  aging  effects  in  that  area  in 
comparison  with  previously  tested  motors.  Test  results  for  propellant  and 
bond  testing  are  compared  with  a  population  of  113  motors  in  Section  VI. A. 

Data  indicate  that  aging  behavior  of  Motor  MSEX-2  follows  expected  trend  lines 
for  Phillips  propellant: 
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.  Increase  in  modulus,  decrease  in  strain  capability  at 
the  bore  surface,  Figure  3 

.  Increase  in  relaxation  modulus  at  the  bondline  (1.0  in. 
from  interface),  Figure  4 

.  Decrease  in  bond  tensile  strength.  Figure  7 

.  Increase  in  relaxation  modulus  for  V-45  insulation. 

Figure  8. 

For  propellant  near  the  bondlir.e  and  V-45  insulation, 
relaxation  moduli  increased  at  faster  rates  than  expected  on  the  basis  of 
trends  for  older  samples.  It  is  likely  that  aging  behavior  may  change  at 
various  stages  of  motor  life:  in  analog  samples,  the  greatest  degree  of 
change  in  propellant  properties  occurs  during  the  first  year.  The  ability  to 
track  propellant  properties  for  a  given  motor  (using  the  plug  motor  approach) 
will  help  define  aging  behavior  throughout  its  life  and  increase  confidence  in 
service  life  estimates. 


Material  from  the  aft  end  has  hardened  with  aging  to  24  mo 
for  propellant  at  distances  from  0.2  to  2.0  in.  from  the  bondline.  At  0.1 
in.,  initial  tangent  modulus  is  slightly  reduced.  Based  on  testing  conducted 
on  a  population  of  113  excised  samples,  propellant  typically  softens  adjacent 
to  the  bondline  as  a  result  of  migration  and  subsequent  degradation  of  species 
from  the  liner  and  insulation.  The  greater  degree  of  hardening  in  the  aft  end 
in  comparison  with  plug  areas  (Section  Vl.C.l.c)  is  due  to  availability  of 
oxygen  migrating  through  the  permeable  aft  boot,  which  increases  the  rate  of 
crosslinking  in  that  area. 

Bore  Sample  -  Uniaxial  tensile  properties  of  a  sample  removed 
from  the  aft  bore  were  measured  at  77°F,  0.74  min-^  and  74  min- ^  with 
superimposed  pressure.  Data  indicate  expected  propellant  hardening  with  aging 
from  2.5  to  24  mo. 
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77 

°  1 

fcu  , 

O 

,74  min” 

■1 

77  °F, 

74  min” 

-1,  600 

psig 

°m* 

em» 

£b* 

Ec 

am» 

em» 

eb> 

Eo> 

Age,  mo 

psi 

_%_ 

% 

psi 

Psi 

% 

% 

psi 

2,5 

128 

17 

26 

1188 

442 

31 

36 

2761 

24 

157 

15 

20 

1607 

504 

27 

28 

3710 

Gradients  in  properties  from  the  bore  surface  were  measured 
using  mini-sized  specimens.  Data  for  material  removed  from  the  aft  bore  are 
compared  below  with  values  for  propellant  from  the  aft  end  (excise  sample). 
Data  indicate  significant  hardening  with  aging  from  2.5  to  24  mo  for  both 
locations.  Strain  capability  in  the  aft  chamber  continues  to  be  slightly 
higher  than  that  in  the  aft  end.  Based  on  testing  conducted  on  25  bulk  sam¬ 
ples,  strain  capability  is  usually  lower  in  the  eft  bore  area  in  comparison 
with  the  aft  end. 

Aft  End  (Excise) 

Age,  mo  0.1  in.  1.0  in. 

2.5  14.6  18.4 

24  12.4  15.2 

Detailed  tabulations  are  provided  in  Appendix  C. 

Plugs  -  Bulk  Propellant  -  Bulk  propellant  in  plugs  removed 
from  the  forward  and  raid-barrel  areas  of  Motor  MSEX-2  shows  the  effects  of  6 
mo  additional  aging  (24  mo  total).  Initial  tangent  modulus  and  strength,  as 
measured  at  7 7 0 E ,  0,74  min-^,  increased  slightly  at  both  locations  with 
corresponding  decreases  in  strain  capability. 


Aft  Chamber  (Bore) 
0.1  in .  1.0  in. 

15.0  20.0 

14.  .6  16.6 
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Sample 

Location 

Forward 

Mid- 

-Barrel 

Age, 

°m» 

cm» 

eb» 

Eo> 

em» 

eb» 

E0. 

rao 

psi 

% 

% 

psi 

SA 

Psi 

% 

_%_ 

psi 

SA 

12 

138 

21 

32 

1015 

57 

128 

19 

32 

1227 

60 

12 

129 

19 

33 

1135 

18 

135 

20 

29 

1160 

61 

24 

141 

18 

27 

1220 

62 

135 

16 

27 

1367 

60 

Data  continue  to  indicate  that  propellant  in  the  mid-barrel 
is  slightly  harder  than  material  removed  from  the  forward  chamber.  Propellant 
properties  are  known  to  vary  within  a  motor  due  to  sample  location.  Differ¬ 
ences  in  properties  may  be  a  result  of  differences  in  aging  behavior  among  the 
propellant  batches;  as  discussed  previously,  no  significant  differences  in 
initial  properties  for  the  batches  were  apparent  on  the  basis  of  testing 
conducted  on  qualification  cartons. 


A  comparison  of  propellant  properties  between  plugs  and 
laboratory  samples  confirms  motor/carton  bias  previously  noted  for  ANB-3066 
propellant.  Samples  from  the  motor  continue  to  exhibit  higher  modulus  and 


lower  elongation  than  analog  samples 

Property  at  77°f,  0.74  min-* 

°tn»  Ps:* 

Em»  ^ 
eb»  % 

Eq,  psi 


Age, 

mo 

Plug 
(n  =  2) 

Analog 
(n  =  1) 

Ratio 

Plug/Analog 

24 

138 

128 

1,08 

24 

17.0 

23.0 

0.74 

24 

27.2 

27.8 

0.98 

24 

1314 

876 

1.50 

Properties  for  the  laboratory  sample  are  typical  of  values 
for  analog  samples  from  Lot  Combination  76  aged  to  24  mo  (E0  at  77°F,  0.74 
min-*  =  884  psi). 
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Results  of  stress  relaxation  tests  conducted  at  77°F,  2.0%, 
applied  strain  support  hardening  trends  noted  for  uniaxial  tensile  properties. 

At  24  mo,  relaxation  moduli  at  the  forward  and  -barrel  areas  are 
approximately  equivalent  (in  contrast  to  dif  s  between  areas  for 

uniaxial  tensile  properties). 

Modulus  for  propellant  from  the  analog  sample  is  slightly 
lower  than  values  measured  for  propellant  from  plugs  stored  for  24  mo 
(Eri  =  755  psl  versus  789  to  810  psi  for  material  from  plugs). 

Plugs  -  Gradient  from  the  Bondllne 

Uniaxial  Tensile  Properties  -  Changes  in  modulus  with  aging 
are  of  particular  concern  at  the  bondline  of  a  motor,  where  stresses  are 
greatest.  As  a  result,  the  gradients  in  uniaxial  tensile  properties  as  a 
function  of  distance  from  the  bondline  interface  were  measured  in  plug  samples 
using  mini-tensile  specimens  (0.1  in.  thickness,  1.0  in.  gage  length). 

Results  of  testing  conducted  at  77 °F,  1.0  min”*  are  plotted  In  Figure  30  in 
comparison  with  data  from  previous  test  intervals.  Softening  noted  at  the 
bondline  at  18  mo  is  not  apparent  at  24  mo  for  plugs.  Properties  at  24  mo  are 
approximately  equivalent  to  those  measured  at  12  mo. 

Comparable  data  for  24  mo  analogs  are  included  in  Figure  30. 
As  noted  for  data  at  12  mo,  propellant  near  the  bondline  interface  (hoop  ori¬ 
entation)  is  considerably  harder  than  that  from  plug  samples  (axially  ori¬ 
ented)  to  a  depth  of  approximately  1.0  in.  from  the  interface.  Results  of 
previous  studies  have  indicated  a  considerable  effect  of  specimen  orientation 
on  mechanical  properties  for  AMB--3066  propellant  (specimens  oriented  axially 
exhibit  lower  modulus  and  strength,  higher  elongation  than  specimens  oriented 
in  the  hoop  direction).  It  is  expected  that  analog  values  would  be  lower  if 
specimens  were  oriented  in  the  axial  direction.  It  is  not  currently  possible 
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to  orient  specimens  from  the  analog  in  an  axial  direction  due  to  configuration 
of  the  sample.  As  noted  in  the  previous  section,  properties  of  bulk  propel¬ 
lant,  as  measured  using  JANNAF  specimens,  axial  orientation,  were  signifi¬ 
cantly  higher  for  propellant  from  motors  than  that  from  analogs. 

Plugs  -  Stress  Relaxation  -  Gradients  in  relaxation  moduli  as 
functions  of  distance  from  the  bondline  of  plug  samples  were  measured  in  tests 
conducted  at  77°F  with  2.0  applied  strain.  Data  are  included  in  Appendix  C 
and  indicate  good  agreement  with  gradients  noted  for  uniaxial  tensile 
properties . 


Plugs  -  Chemical  Evaluation  of  Propellant  by  FTIR  -  Chemical 
testing  of  propellant  consists  of  FTIR  transmission  spectra  of  chloroform 
extracts  for  gradients  from  the  bondliae  surfaces  cf  plugged  samples  from 
motors.  The  absorbance  of  the  trans  double  bond  peak  at  370  WN  (riorraailzed  to 
initial  weight)  exhibits  changes  typical  of  all  CTPB  peaks  and  is  indicative 
of  the  amount  of  extractable  CTPB.  The  amount  of  extractable  CTPB  will 
decrease  as  the  crosslink  density  increases.  A  complete  discussion  of  FTIR 
capabilities  is  presented  in  SAAS-34.  FTIR  data  is  presented  in  Appendix  C. 


The  changes  in  the  amount  of  extractable  uTPB  with  aging  near 
the  bond  line  reflect  changes  in  the  degree  of  crosslinking  in  the  propellant. 
The  bondline  interface  (0.025  in.  deep)  has  less  extractable  CTPB  (compared  to 
bulk  propellant)  due  to  the  migration  and  subsequent  reaction  of  the  liner 
aziridines  in  the  propellant. 


Chemical  testing  of  propellant  from  Motor  MSEX-2  after  24  mo 
aging  was  conducted  on  plugs  from  the  forward  chamber  and  mid-barrel  region. 
Comparison  of  the  amount  of  extractable  CTPB  after  24  mo  aging  t.o  12  mo  aging 
at  these  two  locations  is  shown  in  Figure  31.  The  aging  trends  are  (1)  no 
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change  at  the  bondline  interface,  i.e.,  interface  remains  highly  crosslinked, 
and  (2)  a  decrease  at  24  mo  at  distances  greater  than  0.1  in.  from  the  bond¬ 
line  which  indicates  the  postcure  reaction  is  occurring.  The  apparent  degra¬ 
dation  (softening)  at  the  bondline  in  the  forward  chamber  noted  at  18  mo  aging 
is  not  supported  by  chemical  test  data  from  the  forward  plug  after  24  mo 
aging. 


In  contrast  to  the  plugs,  the  cheracial  properties  of  the 
analog  cartons  from  Batch  M5024  after  12  and  24  mo  aging  show  some  postcure 
occurring  throughout  the  gradient,  including  the  interface  (see  Figure  32). 
The  additional  hardening  may  also  reflect  oxidative  crosslinking  as  e.  result 
of  oxygen  diffusing  through  the  insulation/liner  into  the  propellant. 

A  comparison  of  the  amount  of  extractable  CTPli  from  cartons 
and  motor  plugs  shows  the  differences  between  the  forward  end  and  mid-barrel 
are  similar  to  the  differences  between  the  cartons  from  the  thre.e  batches  in 
the  motor.  The  ranges  observed  reflect  the  batch-to-batch  variability  within 
a  motor.  A  further  comparison  shows  less  extractable  CTPB  throughout  the 
gradient  in  the  cartons,  indicating  the  propellant  in  the  analog  carton  is 
more  highly  crosslinked  than  the  propellant  from  the  motor  plugs.  This 
motor/carton  bias  is  perhaps  due  to  differences  in  kinetic  mean  temperature 
during  cure.  The  motor/ car ton  bias  is  also  seen  in  the  mini-tensile  test 
results . 


Plugs  -  Propellant-Liner-Insulatlon  Bond  -  Strength  of  the 
propellant-liner-insulation  bond  (ANB-3066/SD-851-2/V-45)  for  plugs  from  the 
forward  and  mid-barrel  of  Motor  MSEX-2  was  determined  using  both  constant  rate 
tensile  and  high  rate  shear  tests.  Tensile  tests  were  conducted  using 
mini-sized  specimens  to  reduce  effects  of  curvature  in  the  samples. 
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Bond  shear  strengths,  measured  at  operational  conditions,* 
are  slightly  higher  in  the  mid-barrel  (249  psi)  than  in  the  forward  area  (210 
psi).  Values  have  not  changed  significantly  with  aging  from  12  to  24  mo. 

Bond  tensile  strength  in  the  forward  end  decreased  from  98  to 
78  psi  with  aging  from  18  to  24  mo,  while  that  in  the  mid-barrel  was 
unchanged.  Testing  conducted  on  dissected  motors  indicates  bond  strength  in 
case-bonded  areas  is  not  typically  affected  hy  aging.  Differences  in  values 
from  18  to  24  mo  may  reflect  differences  in  strength  due  to  sample  location: 
For  four  samples  removed  from  the  motor  during  initial  testing,  bond  strength 
varied  from  76  to  109  psi. 


Sample 

Age, 

Bond 

Strength,  psi* 

No.  of 

Source 

■TyPe 

TOO 

Mean 

Range 

Specimens 

Population 

Excise 

0 

75.4 

56  to  92 

24 

MS EX- 2 

Excise 

2.5 

84 

81  to  98 

2 

Excise 

24 

65 

55  to  78 

3 

Plugs 

12 

97 

76  to  109 

8 

18 

109 

88  to  124 

4 

24 

90 

70  to  110 

4 

*Based  on  mini-sized  specimen,  77°F,  1.0  min~^ 


Bond  tensile  and  bond  shear  strengths  for  an  analog  sample 
were  slightly  improved  with  aging  to  24  rao. 

Plugs  -  SD-851-2  Liner  -  Chemical  testing  of  SD-851-2  liner 
consists  of  swelling  ratio  and  gel-filler  fraction  measurements.  The  swelling 
ratio  values  obtained  are  highly  variable  resulting  from  pre-stressing  which 
occurs  during  removal  of  the  thin  liners  (<0.03  in.)  from  V-45  insulation. 
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Various  methods  to  reduce  the  effects  of  pre-stressing  of  Liners  from  motors 
are  being  investigated.  The  pre-stressing  of  liners  has  little  effect  on 
gel-filler  fraction,  which  measures  the  soluble  species  diffusing  out  of  the 
polymer  and  is  dependent  on  the  thickness  of  the  liner.  Values  reported  are 
corrected  for  variations  in  liner  thickness.  A  complete  discussion  of  the 
correlation  of  liner  thickness  and  gel-filler  fraction  is  presented  in 
Appendix  A  of  SAAS  34.  Test  results  are  listed  in  Appendix  C. 

Chemical  test  results  of  the  liner  from  the  chamber  area  of 
Motor  MSEX-2  show  a  wide  range  of  properties  between  motor  locations  and 
between  motor  orientations  such  that  no  conclusions  can  be  drawn  on  the 
effects  of  aging  on  the  liner.  The  chemical  test  results  are  listed  below: 

Motor  Location: 


Time, 

Orientation, 

Forward  Chamber 

Mid-barrel 

Aft  Chamber 

mo 

deg 

Se/So 

Gel 

Se/So 

Gel 

Se/So 

Gel 

12 

30 

1.87 

0.671 

1.89 

0.678 

1.70 

0.670 

12 

210 

1.63 

0.668 

18 

75 

1.70 

0.666 

1.84 

0.699 

24 

120 

1,72 

0.633 

1.69 

0.658 

Unlike  the  chamber  region 

,  the  liner 

from  the  aft  boot 

shows 

aging 

trends  similar  i 

to  the  trends  of  the 

analog  carton  liners.  This 

similarity  is  expected  as  the 

analog  cartons  simulate 

the  aft  boot  area 

of  a 

motor.  Test  results 

follow: 

Time,  mo 

Analog 

Se/So 

Carton 

Gel 

Excised  Sample 
Se/So  Gel 

2.5 

1.88  0.703 

12 

1.80* 

0.652* 

24 

1.87 

0.612 

1.89  0,613 

^Average  of  3  cartons 
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Plugs  -  V-45  Insulation  -  Response  properties  of  V-45 
insulation  from  plugs  were  evaluated  by  stress  relaxation  tests  conducted  at 
77°F  with  2.0%  applied  strain.  Relaxation  modulus  of  material  from  the 
forward  and  mid-barrel  increased  as  expected.  Higher  modulus  in  the  forward 
location  in  comparison  with  the  mid-barrel  is  due  to  increased  thickness  of 
the  material  in  that  location. 


Age, 

Plug 

Location 

Property 

mo 

Forward 

Mid-barrel 

Eri>  psi* 

12 

1285 

704 

18 

1259 

- 

24 

1555 

1160 

*Relaxation  modulus  at  one  minute. 

Relaxation  modulus  for  insulation  from  an  analog  sample 
increased  as  expected  with  aging. 

Chemical  testing  of  V-45  insulation  from  plug  motors  consists 
of  swelling  ratio,  gel-filler  fraction,  weight  %  moisture,  and  weight  %  OOP. 
Insulation  in  the  forward  and  aft  chamber  areas  is  thicker  than  the  insulation 
in  the  mid-barrel  and  boot  areas.  The  thicker  insulation  is  split  in  half 
before  testing  in  order  to  distinguish  between  the  condition  of  the  insulation 
near  the  liner  and  near  the  case.  Complete  test  results  are  presented  in 
Appendix  C. 


Based  on  previous  testing  of  V-45  insulation,  the  following 
conclusions  have  been  made: 


(1)  Cel-filler  fraction  is  affected  by  changes  in  OOP 

concentration,  moisture  content,  and  crosslink  density 
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(2)  The  concentration  of  DOP  depends  on  time,  insualtion 
thickness,  and  whether  the  insulation  is  case-bonded  or 
not  (the  presence  of  case  restricts  the  direction  of 
diffusion  towards  the  liner) 

(3)  The  moisture  content  depends  on  the  amount  of  moisture 
present  in  the  case  bonded  insulation  at  the  time  of 
motor  lining.  Additionally,  the  relative  humidity  in  the 
motor  will  affect  moisture  content  in  the  boot  insulation 

(4)  v-45  insulation  is  anisotropic  and  thus  the  swelling 
ratio  depends  on  the  orientation  of  the  test  specimen. 

The  difference  in  the  swelling  ratio  values  between  the 
two  perpendicular  directions  is  approximately  0.04. 

The  chemical  properties  of  the  samples  tested  at  24  mo  are 
shown  below.  The  observed  range  in  gel-filler  fraction  values  reflects  the 
net  changes  in  the  amounts  of  DOP  and  moisture  in  the  insulation.  The 
apparent  higher  crosslink  density  (lower  swelling  ratio)  in  the  raid-barrel 
region  is  probably  a  result  of  different  orientation  of  the  samples  compared 
to  the  forward  and  aft  areas. 

Chemical  Test  Results  at  24  Months 


Location 

Se/So 

Gel 

Z  DOP 

X  Moisture 

Forward 

1.74 

*0.846/0.832 

*4.21/6.3 

1.51 

Mid-barrel 

1.69 

0.882 

1.04 

1.73 

Excised 

0.856 

3.40 

1.94 

Ana  log 

1.74 

0.864 

2.67 

1.94 

*Insulation  near  liner/near  case 
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Ignition  Delay  -  Test  results  from  this  motor  show  consis¬ 
tently  lower  performance  for  the  three  IDMs  tested  thus  far.  The  IDM  per¬ 
formance  is  not  consistent  with  the  observed  finocyl  surface  or  SEM  data. 

;Jome  offset  is  to  be  expected  between  motor  excise  samples  and  analog  samples. 
No  explanation  exists  for  the  relatively  lower  pressurization  rates  produced 
by  this  propellant.  Too  little  data  exists  at  present  to  determine  any  trends 
affecting  ignltability . 


IF 

Ignition  Delay 

Prediction 

Motor  Excise  Samples: 

1289 

0.134  sec 

Analog  Carton  Samples: 

1447 

0.113  sec  (PQA 

x  =  0.103  i 

vs 

Zero  Time  Excise  Samples: 

1634 

0.112  sec 

Motor  AA2I480  (1976  Vintage) 

Background  -  Motor  AA21480  was  cast  May  1976  from  Lot  Com¬ 
bination  67,  propellant  Batches  4939,  3940,  and  4941,  formulated  with  Phillips 
CTP3.  The  motor  was  assembled  into  Missile  M67-551  in  September  1976.  It  was 
installed  in  Silo  2B 1 1  in  October  1976  where  it  remained  until  December  1984, 
It  was  received  at  ASPC  in  March  1985  for  plug  motor  testing. 

Evaluation  of  Initial  Properties  -  Round-gallon  samples  con¬ 
taining  propellant  cast  into  full-scale  motors  are  routinely  tested  to  evalu¬ 
ate  mechanical  properties  of  each  motor.  As  a  result,  uniaxial  tensile  prop¬ 
erties  are  available  for  propellant  batches  cast  into  Motor  AA21480.  Data 
indicate  propellant  cast  into  Motor  AA21480  is  typical  of  production  material. 
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Lot 

Combo 

Batch  No. 

Qualification  Data  at  77°F,  0.74  min  * 

°m» 

psi 

1 

eb> 

1 

E0. 

Psi 

Shore 

A 

67 

4939 

94.2 

34.8 

53.7 

468 

51 

4940 

99.0 

33.9 

47.9 

488 

50 

4941 

98.3 

35.4 

51.6 

473 

50 

Target 

450 

Range 

300  to  600 

Excise  Sample  -  A  sample  was  removed  from  the  aft  end  of 
Motor  AA21480  for  comparison  with  aging  trends  established  from  a  population 
of  113  full-scale  motors.  Test  results,  included  with  comparable  data  for  the 
population  (Section  VI. A.),  indicate  material  from  Motor  AA21480  is  typical  of 
aged  Phillips  propellant: 

.  Hard  bore  surface  to  approximately  1.0  in.  (higher 
modulus,  lower  strain  capability  than  at  >2.0  in.  from 
surface),  Figure  3 

.  Hard  propellant  at  the  bondline  to  approximately  1.0  in. 
from  the  Interface,  Figure  4 

.  Reduced  bond  tensile  strength  in  the  aft  end,  Figure  7. 

Values  for  bond  and  propellant  properties  for  Motor  AA21480 
are  above  average  in  all  cases,  but  within  the  range  of  previously  tested 
motors  of  comparable  age. 

Bore  Sample  -•  A  3  x  4  x  2.5-in.  propellant  sample  was 
removed  from  the  aft  bore  region  of  Motor  AA21480  to  assess  effects  of  aging 
In  the  critical  bore  location.  Data  are  compared  with  results  from  a 
population  of  5  samples  removed  from  motors  formulated  with  Phillips  CTPB. 
Uniaxial  tensile  properties,  measured  at  77UF,  0.74  min-* ,  are  within  the 
range  of  values  for  motors  aged  171  to  181  mo.  At  high  rate  conditions  with 
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superimposed  pressure,  strength  and  modulus  are  lower  and  strain  is  slightly 
higher  than  values  for  the  older  motors.  It  is  expected  that  with  additional 
aging,  propellant  from  Motor  AA21480  will  continue  to  harden. 

Motor  AA21480  Range  of  5  Motors 


Strain 

L.C.  67 

L.C.  3,  14,  15 

Test 

Temp,  °F 

Rate 

Pro 

per  ty 

110  mo 

171-181  mo 

Uniaxial 

77 

0.74 

°m« 

ps  i 

161-168 

127-210 

Tensile 

em» 

% 

12-15 

8-20 

eb. 

% 

16-19 

8-34 

Eo. 

psi 

1642-1859 

1044-2912 

with 

77 

74 

°m» 

psi 

452-498 

516-576 

600  psig 

era* 

% 

23-27 

15-24 

6b. 

% 

25-27 

15-27 

Eo» 

psi 

2708-3390 

3738-5547 

St  ress 
Relaxation 

77 

0.25 

Er  j 

,  psi 

1052 

760-1395 

e  =  2.0% 

Strain  capability  in  the  bore  Is  greater  than  that  in  the  aft 
end  for  Motor  AA2L480.  Tests  conducted  on  25  samples  showed  strain  capability 
usually  lower  in  the  bore  (SAAS-34), 

Plugs  -  Propellant  -  Uniaxial  tensile  testing  of  plugs  re¬ 
moved  from  the  forward,  raid-barrel  (2  locations),  and  aft  end  of  Motor  AA2148U 
indicate  significant  difference  in  properties  among  four  plug  locations.  Pro¬ 
pellant  from  the  mid-barrel  exhibits  higher  modulus  and  strength  than  that 
removed  from  the  forward  or  aft  ends.  Strain  capability  is  comparable  among 
test  locations. 
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Uniaxial  Properties  at  77°F,  0.74  min"* 


Type 

Specimen 

Location 

CTm* 

psi 

em* 

% 

Eb> 

% 

Eq, 

psi 

Shore 

A 

JANNAF 

Forward 

143 

16 

22 

13«5 

64 

Mid-barrel 

154 

15 

21 

1582 

64 

Mid-barrel 

152 

14 

19 

1648 

58 

Aft 

144 

15 

20 

1471 

60 

Propellant  properties  in  the  mid-barrel  approach  values  noted 
for  propellant  from  the  bore  sample. 

Gradients  from  the  bondline  were  measured  at  77°F,  1.0 
min-*  using  mini-sized  specimens.  Results  indicate  expected  hardening 
adjacent  to  the  bondline  (0.1  in.)  (Figure  33).  Data  support  results  using 
standard-sized  specimens  in  indicating  harder  propellant  in  the  mid-barrel. 

Chemical  testing  of  propellant  from  Motor  AA21480  (aged  110 
mo)  was  conducted  on  four  plugs  from  the  chamber  (forward,  mid-barrel(2) ,  aft) 
and  a  sample  excised  from  the  aft  boot.  Mo  significant  difference  is  seen  in 
the  amount  of  extractable  CTPB  in  the  gradients  from  the  bondline  Interface 
between  the  forward,  mid-barrel,  and  aft  sections  of  the  motor  (see  Figure 
3a).  bach  section  follows  the  expected  gradient  trend;  the  bondline  interface 
is  more  crosslinked  (harder)  compared  to  propellant  farther  than  0.1  in.  from 
the  interface. 


Significant  differences  are  seen  in  the  amount  of  extractable 
CTPB  between  the  excised  sample  from  the  aft  boot  and  the  chamber  sections  of 
the  motor.  In  the  excised  sample,  the  propellant  is  less  crosslinked  at  the 
bondline  interface  than  the  chamber  sections.  The  softer  interface  in  the 
excised  sample  may  be  a  result  of  hydrolytic  degradation  of  TMAT .  The  amount 
of  extractable  CTPB  in  the  gradient  0.2  in.  to  1.0  in.  from  the  bondline  Is 
similar  among  all  samples  tested.  However,  the  propellant  2,0  in.  from  the 
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bondiine  shows  considerably  more  CTPB  is  extracted  from  the  excised  sample 
compared  to  the  other  sections.  The  soft  bulk  propellant  in  the  aft  boot 
excised  sample  is  also  observed  in  mechanical  properties.  The  soft  bulk 
propellant  is  attributable  to  flow  characteristics  of  the  propellant. 

Plugs  -  Propellant-Liner-Insulation  Bond  -  Bond  strength  for 
plugs  from  Motor  AA21480  was  measured  using  constant  rate  tensile  and  high 
rate  shear  tests.  Results  are  tabulated  in  Figure  35.  Bond  tensile  and  shear 
strengths  are  higher  in  areas  of  increased  propellant  strength  (mid-barrel 
locations).  Bond  tensile  strength  in  case-bonded  areas  (plugs)  is  signif¬ 
icantly  higher  than  that  in  the  aft  boot  (average  of  107  psi  for  4  plugs  vs  44 
psi  in  the  aft  end). 

Plugs  -  SD-851-2  Liner  -  Chemical  test  results  of  the  liner 
from  the  chamber  area  of  Motor  AA21480  show  lower  gel-filler  fraction  values 
for  the  liner  from  the  forward  and  aft  areas  compared  to  the  mid-barrel.  The 
lower  gel-filler  fraction  values  may  be  the  result  of  two  possible  mechanisms 
related  to  insulation  thickness,  (1)  more  hydrolytic  degradation  of  the  liner 
in  the  forward  and  aft  areas  due  to  a  greater  amount  of  moisture  in  the 
thicker  insulation,  and  (2)  higher  DOP  concentration  in  the  liners  next  to 
thicker  insulation  in  the  forward  and  aft  areas. 

No  conclusions  concerning  differences  in  crosslink  density 
due  to  hydrolytic  degradation  can  be  made  because  the  swelling  ratios  obtained 
are  affected  by  pre-stressing  of  the  liner  during  removal  from  the  insulation. 
Relative  concentrations  of  DOP  in  the  liner  are  measured  by  FTIR  analysis  of 
chloroform  extracts  of  the  liner.  Comparison  of  the  heights  of  the  peak  char¬ 
acteristic  of  DOP  at  1,295  WN  (normalized  to  the  initial  weights)  indicates 
more  DOP  is  present  in  the  liner  from  the  forward  chamber  than  in  the  liner 
from  the  mid-barrel.  FTIR  analysis  of  liner  extracts  from  the  plug  motors  is 
recommended  to  verify  the  differences  in  the  concentrations  of  DOP.  The 
chemical  test  results  are  listed  below: 
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Motor 

Location 

Forward  Chamber 

Mid-barrel 

Aft  Chamber 

Time, 

mo 

Orientation, 

deg 

Se/So  Gel 

Se/So 

Gel 

Se/So 

Gel 

110 

30 

1.76  0.637 

1 .68 

0.678 

1.68 

0.645 

110 

210 

1.83 

0.680 

The  test  results  from  the  sample  excised  from  the  aft  boot 
(Se/So  1.89,  Gel  0.454)  are  discussed  in  Section  VI. A.  with  the  motor  excised 
samples . 


Plugs  -  V-45  Insulation  -  Relaxation  modulus  of  V~45 
insulation  from  the  plug  locations  was  measured  at  77°F,  with  2.0%  applied 
strain.  Values  for  Eri  range  from  1,191  psi  in  the  forward  chamber  to 
1  ,648  psi  in  the  raid-barrel.  For  insulation  from  the  aft  end  (exposed  to 
environment.),  relaxation  modulus  at  one  minute  is  2.592  psi. 

The  chemical  properties  of  the  samples  tested  at  ilO  rao  are 
shown  below.  The  observed  range  in  gel-filler  fraction  values  reflects  net 
changes  in  the  amounts  of  DOP  and  moisture  In  the  insulation.  The  close 
agreement  of  swelling  ratios  between  the  various  locations  in  the  motor 
indicates  the  insulation  samples  were  tested  in  the  same  direction. 

Chemical  Test  Results  at  110  Months 


Location 

Se/So 

Gel 

%  DOP 

%  Moisture 

Mid-barrel  (30°) 

1.68 

0.89S 

CO 

• 

:  O 

1.79 

Mid-barrel  (210°) 

1.67 

0.898 

0.51 

1.95 

Forward  (30°) 

1.66 

*0.863/0.848 

*3.31/5.94 

1.59 

Aft  (30°) 

1.66 

*0,861/0.846 

*3.26/4.67 

1.75 

Excised  Aft  Boot 

1.64 

0.890 

1.67 

1.77 

*Insulation  near  liner/near  case. 
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2.  Early  Age-Out  of  Stage  II  Motors 

a.  Introduction 

Eleven  of  56  motors  visually  inspected  at  00-ALC  during 
routine  operations  have  been  scheduled  for  early  remanufacture  due  to 
premature  liner  degradation  in  the  boot  nipple  area.  The  rejected  motors 
ranged  in  age  frc-  '0  to  14  years  at  time  of  inspection.  The  basis  for 
rejection  by  00-AL^  is  presence  of  a  forward  boot  gap  of  greater  than  1/32  in. 
around  the  circumference  of  the  boot.  A  summary  of  rejected  motors  is 
provided  in  Figure  36. 


8 


Es 


cj\ 


£ 


K 


i?M 

& 


As  a  result  of  the  discovery  by  00-ALC  of  prematurely  aged 
motors,  an  investigation  is  underway  to  investigate  potential  causes  of  the 
condition  and  evaluate  impact  on  other  operational  motors. 


b.  Approach 

The  program  incorporates  testing  of  affected  motors  (to 
measure  extent  of  degradation)  with  a  comprehensive  evaluation  of  available 
historical  databases  (to  identify  variables  which  may  affect  aging  behavior). 
Data  are  available  from  several  sources: 


'V 

Si 


Source 

1 .  ASPC  Manufacture 
Processing  Data 

2  .  ASPC  Visual 
Inspections 

3.  00-ALC  Storage 
Histories 


Information  Available 

Raw  materials  acceptance  testing, 
insulation  preparation,  liner,  and 
propellant  mix,  cast,  and  cure 

Propellant  appearance,  boot  gap, 
and  lifting  liner  condition  for 
238  14  to  IV  yr  old  motors 

Silo  locations  and  conditions  for 
each  motor  in  the  field 


Motor  Vintage 

Limited  tc 
5/72  to  3/77 
for  this  study 

5/65  to  1/72 


As  available 


t: 


to 


s*V 

ft 
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Source  Information  Available  Motor  Vintage 

4.  ASPC  Motor/Carton  Propellant  and  bond  properties  for 

Aging  Data  approximately  113  excise  samples;  2/65  to  10/72 

dissected  Stage  II,  III  motors  7/6'»  to  3/71 

5.  00-ALC  Carton  Data  Bond  properties  for  materials  cast  4/72  to  1/79 

into  36  motors 

Properties  of  the  affected  motors  will  be  compared  with  aging 
trends  established  for  the  Stage  II  motor.  Item  4.  Information  from  manu¬ 
facturing  process  data,  visual  inspections,  and  storage  histories,  Items  1,  2, 
and  3  will  be  used  to  update  the  manufacturing  variables  study  performed 
during  the  LRSLA  program.  This  study  will  identify  variables  which  could 
potentially  affect  aging  behavior  (Reference  6).  Carton  data  from  Air  Force 
testing,  Item  5,  is  of  particular  value  because  cartons  represent  motors  of 
the  same  vintage  as  the  affected  motors.  Anomalous  carton  data  will  flag 
suspicious  motors  or  liner  lots  for  further  inspection.  A  logic  diagram  for 
the  program  is  provided  in  Figure  37. 

c.  Status 

Testing  is  complete  for  propellant-liner-insulation  samples 
removed  from  4  affected  motors  (Motors  AA2I049*,  AA21051,  AA21321*,  and 
AA21434).  Testing  of  Motor  AA21Q67  is  in  process.  Results  for  Motors  AA21U51 
and  AA21434  are  reported  in  Section  VI, A.  in  comparison  with  the  population  of 
excised  motors. 

Statistical  analysis  of  visual  inspection  histories  is  com¬ 
plete  for  input  Into  the  manufacturing  variables  study. 


*Results  are  reported  in  SAAS-35 
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A  computerized  database  for  motor  manufacturing  histories  is 
in  process.  Included  are  processing  data  for  400  motors  manufactured  between 
1972  and  1977.  Data  entry  should  he  complete  by  mid-April. 

Carton  aging  data  available  from  Hill  AFB  are  being  incor¬ 
porated  into  the  database.  Constant  load  and  constant  rate  bond  data  have 
been  received  from  Hill  AFB.  Additional  bond  and  liner  data,  not  yet  re¬ 
ceived,  should  also  be  included  for  this  study. 

Analysis  of  the  aging  and  manufacturing  data  will  be 
conducted  from  April  through  July.  A  final  report  will  be  provided  at  the 
completion  of  this  task. 

VII.  TECHNICAL  DISCUSSION  OF  COMPONENTS 

A.  IGNITER  FIRINGS 

1.  VECP  Igniters  (TP-14B) 

Nineteen  igniters  were  fired  in  August  and  September  1985  for 
VECP  B— 177.  Igniter  ages  ranged  from  190  to  259  mo  (15.8  to  20  yr)  and  test 
results  are  shown  in  Figure  38.  All  parameters  of  all  igniters  fired  were 
within  specification  limits  except  for  four  igniters  (stored  unsealed)  which 
had  igniter  delays  above  the  specification  limit.  None  of  the  parameters 
indicate  an  aging  trend  which  would  limit  service  life  to  less  than  34  years. 

Seven  igniters  had  delays  outside  both  individual  Lot  Accep¬ 
tance  and  overall  Lot  Acceptance  3o  limits  (Figure  39).  These  high  delays 
were  thought  to  be  a  result  of  either  the  type  of  squibs  or  firing  fixture 
used  for  testing,  or  igniter  moisture  contamination  due  to  unsealed  storage. 
VECP  B-177  was  extended  to  fire  six  additional  igniters  to  isolate  the  cause 
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of  the  igniter  delay  anomaly  (Reference  SAAS  35).  This  increased  the  total 
number  of  igniters  fired  for  VECP  B-177  from  19  to  25. 

Results  of  the  six  additional  firings  show  that  igniters 
which  were  stored  unsealed  are  prone  to  high  igniter  delay  and  high  delay 
variability.  Storing  igniters  unsealed  may  permit  igniter  propellant  grain 
and  initiator  pellets  to  absorb  ambient  air  moisture.  High  delays  and  delay 
variability  is  more  pronounced  in  post  Lot  31  igniters,  possibly  because  these 
igniters  contained  less  initiator  charge.  Test  configuration  was  discounted 
as  a  contributor  to  high  igniter  delay  or  delay  variability.  Six  igniters 
fired  for  FY  1985  and  FY  1986  aging  and  surveillance  were  all  sealed  and  data 
support  the  conclusion  that  unsealed  igniters  have  higher  delays  and  greater 
delay  variability  than  sealed  igniters.  The  unsealed  igniters  were  from  the 
population  stored  prior  to  the  inception  of  the  VECP. 

Analysis  includes  data  from  OP,  PQA,  VECP  B-177,  and  aging 
and  surveillance  igniter  firings.  LAT  data  was  not  used  because  it  was  a 
different  population  and  the  quantity  would  "anchor"  regression  lines  at  zero 
time.  Analysis  results  summary  is  shown  in  Figure  40.  Listing  of  data  used 
for  analysis  is  presented  in  Appendix  D. 

Least-squares  linear  regression  was  conducted  on  a  pooled 
population  of  all  lots.  Plots  of  igniter  delay,  burn  duration,  average  pres¬ 
sure,  maximum  pressure,  and  pressure-time  integral  are  shown  in  Figures  41 
through  45,  respectively.  The  Student-t-test  was  applied  to  regression  re¬ 
sults  to  test  regression  significance  at  95%  confidence  level.  The  regression 
is  significant  for  burn  duration,  maximum  pressure,  and  pressure-time  inte¬ 
gral,  but  the  slopes  are  small  encugh  to  allow  a  large  margin  from  the  speci¬ 
fication  limit  at  34  years  of  age.  Igniter  delay  and  average  pressure  have 
regression  slopes  that  are  not  significantly  different  from  zero.  The  popu¬ 
lation  was  broken  into  a  group  of  igniters  aged  2  to  100  mo  and  a  group  aged 
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101  to  239  mo,  where  239  mo  is  the  age  of  the  oldest  igniter  fired  to  date. 
Variance  analysis  was  done  to  detect  if  the  variance  increased  between  these 
two  aging  groups.  An  increase  of  variance,  indicated  by  F-value,  would  be  a 
possible  indication  of  aging.  For  all  parameters  variance  difference  between 
these  two  age  groups  is  small,  and  means  are  approximately  equal,  thus,  aging 
effects  are  negligible.  Results  are  summarized  in  Figure  46. 

Analysis  results  indicate  that  the  ballistic  parameters  of 
Minuteman  Stage  II  igniters  have  changed  very  little.  If  any,  In  the  past 
twenty  years  and  that  no  aging  trend  currently  exists  which  would  limit 
Igniter  service  life  to  less  than  34  years.  Testing  has  shown  that  igniters 
stored  unsealed  have  high  igniter  delay  variability  and  can  have  delays  above 
specification  limits.  As  long  as  Igniters  are  continuously  stored  sealed, 
igniter  delay  remains  fairly  constant  with  age. 

2 .  Aging  and  Surveillance  Igniter  Firings  (TP-14B) 

Two  igniters  were  fired  for  FY  1985  and  four  were  fired  for 
FY  1986.  Results  and  analysis  of  these  firings  are  included  in  Section 
VII. A. 1 . 

B.  TVC  AND  RC  GAS  GENERATORS  (TP-11A) 

Four  TVC  and  two  RC  gas  generators  are  scheduled  for  firing  in  FY 
1986  for  VECP  B-176  and  the  aging  program.  Results  and  analysis  of  these 
generator  firings  will  be  reported  in  SAAS-37. 

C.  LITVC  BLADDER  PERMEATION  (TP  A-59) 


Bladder  permeation  testing  of  toroidal  tank  assemblies  T— 159  and 
T-21U  began  in  April  1985.  Both  tanks  contain  Uniroyal  bladders  with  D1AK-2 
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curative.  Freon  permeation  continues  to  be  similar  to  previous  test  results. 

A  plot  of  permeated  Freon  vs  time  Is  shown  in  Figure  47.  Permeation  rate 
continues  to  be  low  enough  to  ensure  adequate  Freon  available  for  expulsion 
after  17  years  of  motor  storage. 

Leak  testing  of  contingent  tanks  T-200,  T-213,  and  T-2.15  was  done 
on  October  23,  1985.  All  three  tanks  had  Freon  leakage  at  the  tank/insert 
gasket  and  the  Freon  fill  port.  Tank  weighing  continues  to  show  that  the  rate 
of  Freon  loss  is  low  enough  for  leakage  to  be  considered  harmless  to  system 
performance.  Figure  48  shows  tank  weight  versus  age  for  all  three  tanks. 

D.  TVC  TANK  AND  COMPONENTS  (TP  A-59) 


The  results  of  1986  cold  flow  gas  expulsion  testing  has  shown 
that  aging  of  TVC  tank  burst  diaphragms  in  a  Freon  environment  for  up  to 
23 8  mo  does  not  change  diaphragm  burst  pressure.  TVC  tanks  ABB  1510  and  ABB 
0800  were  tested  January  31  and  February  4,  1986,  respectively.  Tank  ABB  1510 
was  22.4  mo  old  and  Tank  ABB  0800  was  238  mo  old  at  test.  Both  tanks  contained 
Arrowhead  bladders.  Data  used  for  analysis  are  presented  in  Appendix  D. 

The  pressure/time  curves  recorded  for  both  systems  show 
significant  noise  but  not  enough  to  make  pressures  at  burst  rupture 
undtscernible,  (Figure  49). 

A  linear  regression  of  data  shows  a  slight  upward  trend  of 
burst  pressure,  but  analysis  shows  the  trend  is  not  statistically  significant 
(95 7,  confidence),  Figure  50. 
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VII. D.  TVC  Tank  and  Components  (TP  A-59)  (Cont) 

Variance  analysis  was  done  by  comparing  burst  pressures  of 
burst  discs  aged  100  mo  or  less  with  burst  discs  aged  greater  than  100  mo. 
Analysis  shows  that  the  means  and  the  variance  of  these  two  populations  are 
not  significantly  different. 

Testing  and  data  analysis  done  in  FY  1986  supports  the  con- 
unions  that  there  is  no  aging  trend  which  would  limit  TVC  burst  diaphragm 
service  life  to  less  than  17  years. 

2 •  Aging  of  Unlroyal  Vlton  Rubber  (MRP-049) 

MRP-049  is  the  plan  designated  for  the  requalification  of 
Ilniroyal  as  the  vendor  and  0IAK.-2  as  a  curative  '  "  the  bladder-collector 

subassembly  for  the  Minuteman  Stage  II  TVC  syste-iu.  As  part  of  the  qual¬ 

ification  plan,  a  study  was  made  to  evaluate  the  mechanical  behavior  of  the 
Viton  rubber  manufactured  by  Arrowhead  and  Uniroyal.  The  results  of  that 
study  were  reported  in  SAAS-33,  Appendix  D.  In  addition  to  the  comparison 
study,  a  three  year  storage  of  the  Uniroyal  rubber  in  Freon  was  initiated. 

The  results  for  the  first  two  years  are  discussed  below. 

Storage  temperatures  for  the  specimens  are  120  and  80°F  with 
the  specimens  immersed  in  Freon  or  a  Freon  atmosphere.  At  the  6-mo  aging 
increment  the  120°F  oven  had  a  temperature  excursion  to  300°F  for  about  b 
hours.  This  caused  some  of  the  glass  sample  container  to  overpressuri/ e  and 
burst  resulting  in  some  sample  loss.  The  use  of  spare  samples  and  the 
adjusting  of  the  testing  schedule  will  not  compromise  the  aging  study. 

The  test  results  to  data  show  no  difference  between  storage 
temperature,  Freon  vendor,  and  liquid  or  vapor  atmosphere  (Figure  D- 1 ,  Appen¬ 
dix  D).  Therefore,  the  test  analysis  for  this  aging  period  treats  the  storag 
temperature  or  at  laosp'.ei  1 n  conditions  as  one  population.  A  summary  of  the 
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VII. 0.  TVC  Tank  and  Components  (TP  A- 59)  (Cone) 

Tensile  test  results  on  the  Viton/Dacron  composite  for  24  mo 
aging  show  no  significant  trends  and  are  comparable  to  results  reported  in 
SAAS-32  on  the  original  Mate.ial  Compatibility  program,  Figure  51.  The  elon¬ 
gation  at  break  is  somewhat  greater  than  the  original  program  and  shows  a 
trend  to  greater  elongation  with  age,  Figure  52.  The  change  in  elongation  is 
probably  due  to  the  Freon  softening  the  rubber  allowing  the  fabric  to  better 
distribute  the  load  among  the  fibers.  Increased  elongation  of  the  composite 
is  not  expected  to  3ffect  the  functioning  of  the  bladder. 

The  tear  properties  of  the  rubber  and  rubber  cloth  composite 
are  a  new  aging  test  and  cannot  be  compared  to  the  original  material  compati¬ 
bility  programs.  The  rubber  tear  strength  is  degraded  by  the  Freon  soak  but 
is  expected  to  level  off  to  a  tear  strength  near  20  lb/T,  Figure  53.  The 
aging  of  the  composite  material  Indicates  an  initial  dip  in  tear  strength  with 
a  recovery  to  neat  the  original  properties,  Figure  54.  Tear  strength  of 
bladder  EA0-0024,  manufactured  by  Unlroyal  returned  from  the  fleet  after 
213  mo  was  measured  at  170  T/lb  for  the  composite  and  32  T/lb  for  the  rubber. 
Actual  bladder  tear  values  compare  well  with  the  aging  data. 

3 .  Requalification  of  Arrowhead  AP-2707-3  Viton  (MRP-075A) 

Testing  was  performed  on  Arrowhead  AP-2707-3  (DIAK  2 
curative)  Viton  rubber  to  qualify  the  vendor  as  a  second  source  for  LITVC 
bladder  collection  assemblies.  Results  of  tests  completed  on  Arrowhead 
AP-2707-3  Viton  rubber  and  composite  are  listed  in  Appendix  E.  The  new 
Arrowhead  AP-2707-3  rubber  was  shown  to  have  elongation  and  tear  strength 
greater  than  or  equal  to  presently  qualified  Uniroyal  3094  and  greater  than 
previously  qualified  Arrowhead  AP-2707-5  which  was  susceptible  to  cracking. 
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Figure  8.  Gel  Filler  Fraction  of  SD-851-2  Liner  from  Motor  Excised  Samples 
as  a  Function  of  Motor  Age 
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B 


Figure  13.  On-, Surface  Evaluation  of  Kegrain  Motors; 

Initial  Tangent  Modulus  vs  AxinJ  location 
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Configuration  of  Uniaxial  Tensile 
76  Through  89A,  Unaged,  Sheet  2  o 
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Figure  20.  Effect  of  Distance  from  Simulated  Bore  on  Strain  Capability  of 
ANB-3066  Propellant  (Laboratory  Samples) 


Figure  21.  Effect  of  Distance  from  the  Bondline  on  Relaxation  Modulus  of 
ANB-3066  Propellant  (Laboratory  Samples) 
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Test  Temperature:  77 °F 
Crosshead  Rate:  200  in. /min 
Superimposed  Pressure:  600  psig 
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Effect  of  Storage  Conditions  on  Bond  Shear 
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Figure  27.  Chemical  Properties  of  V-45  Insulation  from  Analog  Cartons  as 
Function  of  Aging  Conditions,  Sheet  1  of  2 
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Figure  27.  Chemical  Properties  of  V-45  Insulation  from  Analog  Cartons  as 
Function  of  Aging  Conditions,  Sheet  2  of  2 
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Figure  28.  Test  Schedule  for  Plugged  Stage  II  Motor 
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Figure  3b.  Summary  of  Igniter  VECP  Test  Results 
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Figure  51.  Uniroyal  Vlton/Dacron  Composite 
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Figure  52.  Uniroyal  Viton/liacron  Strain  vs  Age 
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Figure  54.  Uniroyal  Viton/Dacron  Composite  Tear 
Strength  vs  Age 
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Cast  Data:  10-72 

Lot  Combination:  52  (GTR) 
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MECHANICAL  PROPERTIES  RESULTS  FOR  EXCISED 
SAMPLES  REMOVED  FROM  STAGE  II  MOTOR  AA21051 
AGED  161  MONTHS 

Figure  A-L.  Mechanical  Properties  Results  for  Excised 
Samples  Removed  from  Stage  11  Motor 
AA21051,  Aged  161  Mo 
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Cast  Date:  7-71 

Lot  Combination:  45  (Phillips) 

PR0PEL1.ANT 


Test  Temp,,  °F 

' 

77 

77 

Croashead  Rate 

,  in. 

/min 

1.0 

0.5 

Applied  Strain 

.  X 

- 

2.0 

UNIAXIAL  TENSILE 

RELAXATION 

MODULUS,  Er,  pai 

Distance 

RELAXATION  TIME 

,  MINUTES 

a  , 

e  . 

G., 

E  , 

Fr ora  Bore 

m’ 

m 

b’ 

o 

Surface,  in. 

£S_i 

7. 

% 

psi 

SA 

0.1 

1.0 

10,0 

Surface 

68 

0. 1 

127 

15.5 

21.0 

1283 

65 

0.2 

129 

15.3 

24.4 

1254 

66 

0.3 

131 

15.4 

23.0 

1292 

67 

0.4 

130 

15.2 

22.7 

1277 

67 

0.5 

129 

14.8 

22.2 

1276 

68 

0.6 

128 

15.0 

22.9 

1277 

68 

0.7 

128 

15.4 

23.1 

1283 

66 

0.8 

127 

15.3 

22.9 

1255 

65 

0.9 

128 

15.5 

24.4 

1255 

65 

1.0 

127 

15.7 

24.6 

1270 

68 

1.5 

123 

17.4 

25.1 

1131 

66 

2.0 

115 

20.1 

30.9 

949 

65 

Distance 

From  Bond 

Surface,  in. 

Surface 

59 

0. 1 

86 

21.2 

28.3 

688 

66 

436 

261 

200 

0.2 

108 

17.7 

26. 1 

1007 

70 

801 

466 

350 

0.3 

116 

16.8 

24.2 

1087 

70 

955 

564 

425 

0.4 

117 

16.6 

24.9 

1066 

68 

892 

536 

402 

0.5 

120 

16.8 

22.9 

1094 

69 

1069 

646 

495 

0.6 

119 

17.0 

22.2 

1138 

70 

934 

558 

420 

0.7 

115 

16.6 

25.5 

1089 

69 

975 

600 

455 

0.8 

118 

16.6 

24.6 

1081 

69 

980 

594 

442 

0.9 

118 

16.6 

24.8 

1118 

69 

1022 

613 

451 

1.0 

117 

16.8 

24.4 

1081 

67 

1045 

625 

470 

1.5 

101 

20.3 

35.3 

826 

66 

770 

435 

316 

2.0 

97 

23.6 

38.3 

725 

66 

691 

380 

279 

INSULATION 


Test  Temp . ,  °F 

77 

Crosahcad  Rate  in. /min 

1.0 

Applied  Strain  X 

2.0 

RELAXATION  MODULUS,  Er ,  psi 
RELAXATION  TIME,  MINUTES 
3934  3231  2346 

3921  3243  2893 

X  3928  3237  2870 


Type  Teat 
Mini  DPT 


PROPELLANT-LINER- INSULATION 
Stress  Time  to  Failure, 

Teot  Temp  °F  °o  ps i  Minutes _ 

77  23  0.033 

24  0.031 

16  0.046 

X  21  0.037 


Type 

Failure,  X _ 

100  CL1 
100  CLI 

100  CLI  (Sticky  liner) 


MECHANICAL  PROPERTIES  RESULTS  FOR  EXCISED 
SAMPLES  REMOVED  FROM  STACE  II  MOTOR  AA20887 
AGED  170  MONTHS 

Figure  A-2.  Mechanical  Properties  Results  for  Excised 
Samples  Removed  from  Stage  II  Motor 
AA20887,  Aged  170  Mo 
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Cast  Date:  5-76 

Lot  Combination:  67  (Phillips) 
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MECHANICAL  PROPERTIES  RESULTS  FOR  EXCISED 
SAMPLES  REMOVED  FROM  STAGE  II  MOTOR  AA21480 
(PLUG  MOTOR  1976),  AGED  110  MONTHS 

Figure  A-3.  Mechanical  Properties  Results  for  Excised 
Samples  Removed  from  Stage  11  Motor 
AA21480,  Aged  110  mo 
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MECHANICAL  PROPERTIES  RESULTS  FOR  EXCISED 
SAMPLES  REMOVED  FROM  STAGE  II  MOTOR  AA21434 
AGED  122  MONTHS 

Figure  A-4.  Mechanical  Properties  Results  for  Excised 
Samples  Removed  from  Stage  II  Motor 
AA21434,  Aged  122  Mo 
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Cast  Dace:  9-83 

Lot  Combination:  848  (Phillips) 
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MECHANICAL  PROPERTIES  RESULTS  FOR  EXCISED 
SAMPLES  REMOVED  FROM  STAGE  II  MOTOR  MSEX-H 
(PLUG  MOTOR  1984A),  AGED  24  MONTHS 

Figure  A-5.  Mechanical  Properties  Results  for  Excised 
Samples  Removed  from  Stage  II  Motor 
MXEX-II  (Plug  Motor  1984A),  Aged  24  Mo 
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2)  fast  Date:  September  1903  CTP6  Vendor:  Phillips 


Hotor  Mi:  198/.  A  (HSF.X-2)  fast  Date:  September  ivuu  _  l  ,  rp  »e..Uv,  • 

Test  Date'  *  September  1905  Bay  Temp:  82  F _ ___  Age  at  Test:  - 


270°4 -  +  - - -9» 

Vi7 


Y "1 

n~ 


- + 


fWO 

looking 

AFT 


0 

AFT 

LOOKINO 

rwD 


Avernse  of  All  Annular  Locations  at  Axial  Location 


Shore  A2 

On-Surf 

ace  (K?7) 

-  K 

o 

(ps  1) 

-  a 

ra 

(  p3  1 ) 

Cm 

(%) 

"  eb 

('.) 

Temperature  (°F) 

1192.8  1198.6 

.6 


1911.8  1259.1 


.0  2 

.5  8 


Visual  Observations 


1.  Forward  Bondilne  No  discrepancies. 


2.  Ait  Bondline  No  discrepancies. 


3.  Forward  Bore  Fin  material  In  60" ,  lBU",  290°  fin  slots. 

Sand  on  propellant  surface. _ 

Ip.nitlon  delay  samples  were  taken. _ 


9,  Cylindrical  Bore  _ Bore  samples  removed  at  0°  and  270° 


5.  Aft  Norr.le  Well 


Voids  : _ numerous  small  voids  at  210  ,  7"  in.  1/b"  -  1/8"  ot  2?0 

Sand  nn  nronnllant  surface. _ Excise  sample  removed. 


6.  Other 


L ie lit  dusting  of  oxidizer  throughout. 


Figure  A-10.  Summary  of  On-Surface  Tenting  Conducted  on 
Stage  II  Motors,  Sheet  1  of  9 
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Motor  s;i:  AA  20887  _ Cast  Da  to  :  23  June  1971  CTPe  Vendor  :  ‘j’JL 

Test  Oate:  11  September  1985  Bay  Temp  (.f)  . __70 _  Age  at  Test:  _ 228 - 


(T 

FWO 

looking 

AFT 


< - IS*  - v 

ra 


llEZUf 


-  + - 


o 

AFT 

LOOKING 

FWD 


Average  of  All  Aneular  Locations  at  Axial  Location 
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Mo  tor  3il  :  A  A  21414 


Cast  Oa  te  :  16  September  19  7  3  CTPB  Vendor;  Phi  11  tps _ 

Test  Odte:  20  November  1985  Bay  Temp  (°F): _ 78°F _  Age  at  Test:  jjj - 


90 


AFT 


180° 


270° 


Shore  A2 
On-Surface 
"  E0  (psl) 

-  a  (pal) 

ra 

-  •„  <*> 

-  Cb  <X) 

Temperature  (°F) 


B  C  D  E  F 

62.8  67.3  68.8  72.8  70 

A  7 . 2  49.2  51.8  56.5  49.1 

1571.7  1332.7  1186.3 

114.8  108.4  103.8 

14.9  14.3  13.1  14.9 

21.0  20.3  19.3  17.7  20.3 

79.3  77.5  77.3  76.8  76.5 


A 
52 

44.2 

1180.2  1272.7  1335.4  1418.2 

104,1  106.7  108.5  110.7 

16.2  15.4 

22.3 
81 


G 

71 

44.4 


16.1 

7.2.2 

75.5 


Visual  Obgervatlona 

1.  Forward  Bor.dline  Boot  separation  3/32"  to  3/16".  Degraded  liner  present.  Wrinkles  In 
boot  nipple.  Boot  shrinkage  Is  evident. _ 


2.  Aft  Bondline  Boot  separation  5/32"  to  3/16",  Boot  lifting  1/8"  to  3/32". 


3.  Forward  Bore 


Patch  of  liner  on  fin  ray  at  3306  ■  Propellant~scraps  on  30"°  fin  ray. 
Fin  material  in  315°  fin  slot.  Slump  1/8*' .  _ 


4.  Cylindrical  Bore  _SnuilJ _ Longitudinal  scratches. _ Light  dusting  of  oxidizer  crystals. 


5.  Aft  Nozzle  Well  Voids:  1/4"  x  3/16".  4"  In  90°:  1/16",  1-1/2"  In  250°  ;  3/16^  57l6V 
_ 5ni/2 "  in  250°.  Light  dusting  of  oxidizer  crystals. _ 


6.  Other 


Brownish  tint  to  propellant  surface  In  nozzle  well  area. 


Figure  A-10.  Summary  of  On-Surface  Testing  Conducted  on 
Stage  II  Motors,  sheet  3  of  9 
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Motor  Si) :  R7-036  (FQA  6-110)  Cast  Date:  2 3  November  1985  CTPB  Vendor:  Phillips 
Test  Date:  17  December  1985  Bay  Temp  (°F)  : — 42 -  ASe  at  Test;  — — 


A 


Shore  A2 


On-Surface  (K??) 

20.6 

-  E 

o 

(psl) 

730.9 

-  o 

in 

(psl) 

90.5 

-  E 

(%> 

21.3 

in 

-  cb 

(*> 

30.3 

Temperature  (°F) 

71.3 

j 

E 

F 

G 

60 

59 

59 

24.9 

23.5 

23.8 

632 

595.4 

603 

87.3 

86.1 

06.3 

23.0 

23.7 

23.5 

32.8 

33.9 

33.7 

65.5 

65 

65.5 

Visual  Observations 

1.  Forward  Bondline  No  discrepancies. _ 


2.  Mt  Bondllne  No  discrepancies. 


Few  longitudinal  scratches  on  all 

fin  rays. 

Nonunitorm 

oolvtiier  surface  in  all  fin  slots. 

Ignition 

delay  samples  taken. 

4.  Cylindrical  Bore  Small  hits  of  release  agent  throughout  bore. 


5.  Aft  Nozzle  Well  Vnlri.n:  7 / 1  ft  x  1/2  x  UA,  290°  1"  In. 

_ _ _ 1/B  v  VIA,  ?7n°  9"  In. _ 


6.  Other 


Figure  A-10,  Summary  of  On-Surface  Testing  Conducted  on 
Stage  II  Motors,  Sheet  4  of  'j 
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83 

|3 


Motor  Stl:  R7-038 _ 

Test  Date:  13  January  1986 


270°4 -  + - h90 


FWD 

lookino 

AFT 


fast  Date'.  10  December  1985 CTPB  Vendor:  Phillips 

Bay  Temp  <°F)  : _ ZL5 _  Age  at  Test:  - .One - 


h-’H 


.  90  -  f - t*  270  - 


0 

AFT 

LOOKINO 

FWD 


Averagi 

e  of  All  An ja; 

,ular  Locations  at 

Axial  Location:  V 

A 

B 

c 

D 

E 

F 

G 

Shore  A2 

52.5 

54.5 

60.5 

62 

62.3 

63.5 

63.3  £ 

On-Surface  (K-„) 

27.1 

27.1 

A 1 . 5 

39.8 

36.8 

34.7 

34.3  “ 

-  Eq  (pal) 

690.5 

690.5 

1098.7 

1048.2 

960.5 

902.5 

889 

-  o  (psl) 

89.2 

89.2 

110.2 

100.2 

97.6 

95.8 

95.4  5 

-  Era  <» 

22.0 

22.0 

16.9 

17.4 

18.3 

19.0 

19.2 

l 

-  cb  <*> 

31.3 

31.3 

23. A 

24.2 

25.6 

26.7 

26.9  { 

Temperature  (°F) 

r 

Visual 

Observations 

f 

1 

Forward  Bondline 

No  vioual 

observations  were  made 

on  this 

motor . 

-  m 

2.  Aft  Bondline 


3.  forward  Bore 


4.  Cylindrical  Bore 


5.  Aft  Nozzle  Well 


6.  Other 


Figure  A-10, 


Summary  of  On-Surface  Testing  Conducted  on 
Stage  II  Motors,  Sheet  5  of  9 
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tVitor  Sit:  R8-003 _ Cast  Date:  20  December  1985  CTPB  Vendor:  Phillips 

Test  Date:  22  January  1986  Bay  Temp  (*F) :  Q0 _  Age  at  Test:  - One - 


J70°4 -  + - H90 


0 

FWO 

LOOKING 

APT 


1.  Forward  Bondllne 


it-  — ^  y- 

rDiffl? 


•«”  - t 


0 

AFT 

IOOKINO 

FIND 


t 

( 


Average  of  All  Angular  Locations  at  Axial  Location 


D 

3 

62 

O 

34, 

Visual  Observations 


2.  Aft  Bondllne  No  discrepancies. 


3.  Forward  Bore  Few  surface  scratches  on  all  fin  rays.  Some  rough  polymer  surface 

— in  all  iln  slots, _ 

4.  Cylindrical  Bore  Ho  discrepancies. 


5.  Aft  Nozzle  Well  _ Voids:  0.3"  x  0.35"  x  0.3"  90°  1"  in:  0. 

i  _  0.1"  x  0.1"  270°  9"  in . 


6.  Other 


Light  coating  of  propellant  dust throughout  motor  bore. 


Figure  A-10.  Summary  of  On-Surface  Testing  Conducted  on 
Stage  II  Motors,  Sheet  6  of  9 
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Motor  Sil :  R8-006 _ Cast  Date:  27  January  1986  CTPB  Vendor:  Phillips 

Test  Oate:  20  February  1986  Bay  Temp  (”F)  :  66 _  Age  at  Test:  _2\  Days 


A 

B 

C 

D 

E 

F 

~~ 

— 

— 

Shore  A2 

52 

55 

58 

53 

57 

56 

On-Surface  (K-,?) 

25.4 

270 

32.2 

29.0 

26.8 

25.3 

-  (psi) 

671.8 

687  .8 

829.9 

741.8 

682.4 

642.6 

-  om  (pa  1) 

88.6 

89.1 

93.6 

90.9 

88.9 

97.6 

-  c  (7.) 
m 

22.3 

22.0 

19.9 

21.2 

22.1 

22.8 

i 

o 
c r 

31.7 

31.3 

28.1 

30 

31.5 

32.5 

Temperature  (°F) 

64 

64 

64 

65 

66 

66 

Visual  Observations 


1.  Forward  Bondline  No  discrepancies . 


2.  Aft  Bondline  No  discrepancies  . 


3.  Forward  Bore  Voids;  1/2"  at  O6  and  60°  fin  ray/bore  Interlace. 

Some  rough  polymer  surface  in  all  fin  slots, _ 

_ Scratch  length  of  150°  fin  rav. _ 

4.  Cylindrical  Bore  No  discrepancies.  ~  ' 


Voids : 

1/32".  0°. 

1-1/2"  in. 

_ 3/32"  x  1/8”,  30°,  7-1/2"  in. 

.  3/9'.'  il 

1/2".  45°. 

1-1/2"  in. 

1/16".  340°.  7"  in. 

6.  Other 


Hone 


Figure  A- 10.  Summary  of  On-Surface  Testing  Conducted  on 
Stage  II  Motors,  Sheet  7  of  9 


Report  0162-06-SAAS-36,  Appendix  A 

Motor  SH:  A A  22114  (Hill) _ _  Cast  Date:  14  March  1981  CTPB  Vendor:  Phillips. 


Average  of  All  Angular  Locations  at  Axial  Location: 


A  B  C  D  E  F  G 


Shore  A2 


On-Surface  (K^?) 

56.3 

46.1 

57.6 

52.7 

-  (pal) 

1521.1 

1194.6 

1564.3 

1403.3 

-  a  (psl) 
m 

114.6 

105.8 

115.8 

111.5 

-  era  <*> 

13.3 

15.7 

13.0 

14.2 

"  cb  «> 

17.3 

21.5 

17.4 

19.0 

Temperature  ("F) 

77.3 

77.3 

69 

69 

Visual  Observations 


1.  Forward  Bondllne 


2.  Aft  Bondline 


3.  Forward  Bore 


4.  Cylindrical  Bore 


5.  Aft  Nozzle  Well 


Qn-Surface  motor  data  from  Hill  AFB,  Mo  visual  observations  were 

_ provided. 

Figure  A-10.  Summary  of  On-Surface  Testing  Conducted  on 
Stage  II  Motors,  Sheet  8  of  9 
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;^o  tor  SH :  AA  2227  2  (Hill)  Cast  Date:  24  June  1983  CTPB  Vendor:  Phllllp3_ 

Tost  Oa'.'j:  6  Ho  v  ember  1985 _  Bay  Temp  (°F)  : _ ^ge  at  Test.  - 2.8 - 


270°U—  + - }-90 


0 

FWO 

looking 

aft 


I— "'n 

rw — ti 


•  90  -  + 


0 

AFT 

LOOKIKO 

FWO 


Averaae  of  All  Annular  Locations  at  Axial  Location 


Visual  Observations 


1.  Forward  Bondllne 


2.  Aft  Bondline 


3,  Forward  Bore 


4.  Cylindrical  Bore. 


5.  Aft  Nozzle  Well 


6.  Other 


Figure  A-10.  Summary  of  On-Surface  Testing  Conducted  on 
Stage  II  Motors,  Sheet  9  of  9 
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Ignitability  Testing  Summary  for  This  Report  Period 

Motor  AA-20887 

IF  =  697  psi/sec  Predicted  Ignition  Delay  =  NA 

The  results  of  this  test  are  considered  anomalous  since  the  IDM  grain  was  over¬ 
conditioned  (for  3  days)  at  80%RH  prior  to  firing  (see  discussion  in  Section 
VI.  4.  c.).  The  quality  of  the  excised  samples  is  adequate.  SEM  indicated  a 
typical  surface. 

Motor  AA-21343 

IF  =  1961  psi/sec  Predicted  Ignition  Delay  =  0.121  sec 

The  data  from  this  test  indicates  an  8%  longer  ignition  delay  time  than  normal 
and  is  consistent  with  the  motor  finocyl  condition  and  SEM  analysis.  The 
quality  of  the  excised  sample  is  good. 


Motor  R7-017  (LC-89) 

IF  =  1273  psi/sec  Predicted  Ignition  Delay  =  0.134  sec 

The  data  from  this  test  indicates  a  24%  longer  ignition  delay  than  normal.  The 
IDM  data  Ls_  not  consistent  with  observed  finocyl  surface  condition  or  SEM 
analysis.  Low  performance  may  be  attributed  to  the  poor  quality  of  the  excised 
sample  surface  and/or  subsequent  exposure  to  80%Rll  prior  to  firing. 


Motor  R8-006  (LC  90) 


IF  =  2265  psi/sec  Predicted  Ignition  Delay  =  0.105  sec 


Figure  A-ll.  Ignitability  Testing  for  This  Report  Period, 
Sheet  1  of  2 
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The  data  from  this  test  indicates  a  normal  ignition  delay  and  is  consistent 
with  finocyl  surface  condition  and  SEM  analysis.  This  motor  is  the  first 
regrain  to  incorporate  processing  changes  designed  to  eliminate  the  core  rough 
ness  in  the  upper  fin  slot.  This  IDM  grain  was  not  conditioned  at  80%RH  prior 
to  firing. 


Motor  R7-014  (PQA  6-109) 

IF  =  2635  psi/sec  Predicted  Ignition  Delay  =  0.099  sec. 

This  motor  was  reported  in  SAAS-35  but  the  SEM  analysis  had  not  been  completed. 
Previously  reported  data  is  consistent  with  SEM  data  and  a  prefire  report  wa9 
issued  on  10  October,  1985. 

Motor  R7-036  (PQA  6-110) 

IF  =  1201  psi/sec  Predicted  Ignition  Delay  =  0.136  sec 

Test  results  from  this  motor  are  considered  anomalous  as  the  performance  not 
consistent  with  the  sample  condition  or  SEM  data.  The  surface  of  the  excised 
propellant  is  very  rough  (due  to  core  roughness).  This  IDM  was  conditioned  at 
80%RH  prior  to  firing.  A  prefire  report  was  issued  on  29  January  1986. 


Motor  R8-003  (PQA  6-111) 

IF  =  2408  p9i/sec  Predicted  Ignition  Delay  =  0.104  sec. 

Test  results  from  this  motor  indicate  a  normal  ignition  and  are  consistent 
with  the  finocyl  condition  and  SEM  analysis.  The  excised  samples  were  somewhat 
rough  but  this  IDM  was  not  subject  to  high  RH  prior  to  tiring.  A  prefire 
report  is  pending. 

Figure  A— 1 1 .  Ignitability  Testing  for  This  Report  Period, 

Sheet  2  of  2 
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Test  Temperature:  77 °F^ 

Strain  Rate:  100  min 
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Figure  B-5.  Comparison  of  Mini  Stress  Relaxation  Modulus  from  the  Simulated 
Bond  Surface  of  Analog  Samples  of  ANB-30b6  Propellant 
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Figure  B-6.  Effect  of  Storage  Temperature  and  Time  on  Tensile  Strength  of 
Propellant-Liner-Insulation  Bond  System,  Sheet  2  of  2 
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Figure  B-10.  FTIR  Transmission  Spectra  Data;  Gradient 
from  Bore  of  Analog  Cartons,  Sheet  1  of  A 
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Figure  B-10.  FTIR  Transmission  Spectra  Bata;  Gradient 
from  Bore  of  Analog  Cartons,  Sheet  2  of  4 
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Figure  B-10.  FT I K  Transmission  Spectra  Data;  Gradient 
from  Bore  of  Anti  log  Cartons,  Sheet  3  of  4 
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Figure  B-10.  :  ri:<  Transminslon  Spectra  Data;  Gradient 

from  Bore  of  Analog  Carton;:,  Sheet  4  of  4 
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Figure  B— 11.  FTIR  Transmission  Spectra  Data;  Gradient 
from  Bondline  of  Analog  Cartons, 

Sheet  1  of  4 
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Figure  B— 11-  FTIR  Transmission  Spectra  Data;  Gradient 
from  bond  Line  of  Analog  Cartons, 

Sheet  2  of  k 
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Figure  B— 11.  FTIR  Transmission  Spectra  Data;  Gradient 
from  Bondline  of  Analog  Cartons, 

Sheet  3  of  4 
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Figure  B-l  1 
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Figure  C-8.  Plugs  from  Motor  MSEX-2,  Transmission  Spectra 
of  Chloroform  Extractables ,  Peak  Heights 
Normalized  to  Initial  Weights  Gradient  from 
the  Bondline  Interface,  Sheet  1  of  2 
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Figure  08.  Plugs  from  Motor  MSEX-2,  Transmission  Spectra 
of  Chloroform  Extractables,  Peak  Heights 
Normalized  to  Initial  Weights  Gradient  from 
the  Bondline  Interface,  Sheet  2  of  2 


Type  Test:  Doable  Plate  Tensile 
Type  Specimen:  Mini  Double  Plate 
Tost  Temperature:  77°F 
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Type  Specimen:  Mini  Uniaxial  Tensile 
Test  Temperature:  77 °F. 

Strain  Race:  1-0  air.  ' 
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Figure  C— 14.  Effect  of  Storage  Time  and  Distance  from  Bondline  on  Strain  at  NominaL 
Stress  for  4NB-3066  Propellant  Removed  from  Plugged  Motor  AA214HU 


Distance  Crcrn  BondLine,  Inches 
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Figure  C-16.  Effect  of  Storage  Tiir.e  and  Distance  from  Bondline  on  Initial  Tangent 
Modulus  for  ANB-3066  Propellant  Removed  from  Plugged  Motor  AA214BU 


Distance  fros  Bondline,  Inches 
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Type  Test:  High  Rate  Shear 
Type  Spcciaen;  Poker  Chip 
Teat  Teaperaturc:  7?*F 
Crosshead  Rate:  200  in./nia 
Superimposed  Pressure:  600  psig 
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Figure  C-20.  Plugs  from  AA21480  (1976  Vintage,  110  Mo)  Transmission  Spectra 
of  Chloroform  Extractables ,  Peak  Heights  Normalized  to  Initial 
Weight  Gradient  from  Bondline  Interface 
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AA214S0  MIDQARREL  <30  DEG)  110.0  1.68  0.67S 
AA214S0  MIDBARREL  <210  DEG)  110.0  1.83  0.680 
AA21430  FORWARD  <30  DEG)  110.0  1.76  0.637 
AA21480  AFT  (30  DEG)  110.0  1.68  0.645 
AA21480  EXCISE  110.0  1.89  0.454 
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VI TON/ DACRON  COMPOSITE  UNIROYAL  AGING 
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Qualification  of  Arrowhead  AP-2702-3  Rubber  as  a  Second  Source  for  LITVC 
Bladder-Collector  Assemblies  (additional  tests  added  to  MRP-075) 


BACKGROUND 


Arrowhead  AP-2707-3  was  qualified  for  use  in  the  original  Minuteman  program. 

In  1981  when  DIAK  2,  a  compound  originally  used  in  AP  2707-3  was  no  longer 
available,  Arrowhead  AP-2707-5  was  qualified  which  replaced  DIAK  2  with  DIAK 
3.  In  1984  Uniroyal  3094  replaced  AP-2707-5  via  qualification  plan  MRP-049C. 
Uniroyal,  which  has  always  used  DIAK  2  as  a  curative,  has  been  proven  to  be 
less  susceptible  to  cracking  than  AP-2707-3  (DIAK  2)  which  is  less  susceptible 
to  cracking  than  AP-2707-5  (DIAK  3). 

INTRODUCTION 


Additional  tests  were  added  to  qualification  plan  MRP-075  in  order  to  make  a 
direct  comparison  to  existing  test  data  collected  on  earlier  versions  of 
Arrowhead  rubber  and  presently  qualified  Uniroyal  rubber.  Tensile  and  tear 
tests  were  conducted  on  requalified  Arrowhead  Viton  rubber  and  Viton/Dacron 
fabric  composite  over  a  -40°F  to  300°F  temperature  range.  In  addition,  a 
three  year  aging  study  was  implemented  In  which  Viton  rubber  and  composite  is 
stored  in  liquid  Freon  at  77 °F. 

RESULTS 

Arrowhead  AP-2707-3  (DIAK  2  Curative)  Viton  rubber  and  Viton/Dacron  fabric 
composite  tensile  and  tear  properties  are  shown  in  Figures  1-6  with  comparison 
to  available  data  for  AP-2707-5  (DIAK  3  curative)  and  Uniroyal  3094  taken  from 
MRP-049C  test  results. 

From  Figure  1  it  is  seen  Arrowhead  rubber  with  DIAK  2  curative  has  similar 
tensile  strength  to  previous  Arrowhead  (DIAK  3  curative)  which  is  still  lower 
than  Uniroyal.  The  elongation  of  the  new  Arrowhead  rubber  is  higher  than  both 
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Results  (Cont) 

previous  Arrowhead  and  Uniroyal  (refer  to  Figure  2).  Although  a  great  deal  of 
variability  exists  in  the  trouser  leg  tear  data,  the  new  Arrowhead  rubber  has 
consistently  Viigher  tear  strength  than  the  previous  Arrowhead  rubber  and  is  in 
the  range  of  the  Uniroyal  tear  strength  (refer  to  Figure  3). 

The  new  Arrowhead  composite  tensile  strength  and  elongation  are  shown  in 
Figures  4  and  5.  Failure  strain  was  taken  at  the  point  where  the  Dacron 
backing  failed.  No  tensile  testing  was  completed  on  rubber  composite  in  the 
MRP-049C  study  for  comparison. 

The  new  Arrowhead  composite  tear  strength  is  in  the  range  of  the  previous 
Arrowhead  composite  which  is  higher  than  Uniroyal  (refer  to  Figure  6). 

CONCLUSIONS 

The  new  Arrowhead  AP-2707-3  rubber  has  elongation  and  tear  strength  greater 
than  or  equal  to  presently  qualified  Uniroyal  3094  and  greater  than  previously 
qualified  Arrowhead  AP-2707-5.  The  results  indicate  AP-2707-3  will  be  less 
susceptible  to  cracking  than  earlier  Arrowhead  AP-2707-5. 
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Figure  E-3*  Comparison  of  Requalified  Arrowhead  Viton  Rubber  Trouser  Leg  Tear 
Strength  to  Previous  Arrowhead  and  Uniroyal  Rubber 
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